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SUMMARY 
Environmental pollution is an outcome of the direct activities of 
man In a quest of improving his standard of living, man has 'perhaps' 
forgotten the consequences of going against nature. But he is nov^ 
realising and hence the feeble call back to nature is now gaining 
momentum. Human happiness is more important than the luxuries 
provided by the modern civilisation. 
Millions of tonnes of toxic and objectionable material is daily 
being disposed of in the environment as a result of industrial effluents 
being literally dumped in the atmosphere, soil and v '^ater. 
Water pollution due to toxic heavy metals has been a major 
cause of concern to Engineers and Scientists. Several mishaps due to 
heavy metal contamination in aquatic environment increased the 
awareness about heavy metal toxicity. Among these, Minameta tragedy 
in Japan due to mercury poisoning {(1953-1960) and Itai-ltai' disease 
in Japan due to cadmium toxicity (1947) are well known. 
Attention has been paid to the development of methods for 
many years for the removal of heavy metals and organic compounds 
from wastewater arising from industrial operations, particularly in the 
treatment of mine drainage waters spent solutions or effluents from 
extractive metallurgy processes, electroplating plants and other metal 
treatment or finishing operations. Conventional methods of heavy metal 
and organic compounds treatment in general perform satisfactorily to 
meet direct discharge requirements. The most common method for 
removal of heavy metals involves hydroxidee precipitation, on the basis 
of Its performance and ease of operation Other available methods 
include evaporation ion exchange, adsorption, electrodialysis, 
electrolytic extraction, reverse osmosis, but many of them are used in 
special circumstances because of their relatively high cost. 
In recent years the adsorption technique for the removal and 
recovery of heavy metals and organic compounds from wastewater has 
received a great deal of attention. Activated carbon is the most 
common commercial adsorption medium and full scale processes 
based on this are in operation in developing countries. But, use of 
activated carbon is not suitable for developed countries like India, 
because of its high cost. It is therefore, felt after the exhaustive survey 
of literature on treatment technologies particularly upon adsorption that 
there is a necessity for inexpensive alternatives like low cost 
adsorbents for the removal of heavy metals and organic compounds 
from wastev/ater. 
The work described in this thesis deals with the removal and 
recovery of heavy metals and organic compounds from aqueous 
solution and electroplating wastewater using various low cost and easily 
available materials as adsorbents. 
This thesis comprises of five chapters : 
Chapter 1 is the introductory part giving a general idea 
regarding environmental pollution and nature and characteristics of 
industrial effluents and other objectionable material in the environment 
and emphasises its control. It describes the environmental pollution and 
its classification. It also details heavy metal pollution and organic 
compounds and their sources. Besides, it provides the information 
regarding the composition of electroplating waste water. The studies 
carried out on removal and recovery of heavy metals by applying 
various conventional methods have also been discussed in literature 
survey 
Chapter 2 deals with the desorption studies and the removal 
of Zn(H) using Teak leaves (Tectona grandis) as adsorbent. The 
adsorption of metals from aqueous solutions and electroplating waste 
containing Zn(ll) on teak leaves have been studied by batch as well as 
column process. The maximum adsorption (100%) is observed at 20 
mgL"'' initial Zn(ll) concentration. Adsorption increases with increase in 
temperature Thermodynamic parameters such as free energy (AG°), 
enthalpy change (AH°) and entropy change (AS°) were also calculated. 
Appreciable amount of Zn(ll) is adsorbed in the pH range 2-6. The % 
adsorption increases as the adsorbent dose is increased. It may be 
concluded that by increasing the adsorbent dose the removal efficiency 
of teak leaves increases but adsorption density decreases It is 
important to note that desorptions of Zn(ll) is rapid and 96% Zn(ll) could 
be eluted in 30 ml of effluent from column. It is interesting to note that 
adsorption remains maximum (99%) upto 3rd regeneration cycle and 
then goes down to 91 6% in the 5th cycle. This behaviour indicates that 
the adsorbent can be used successfully three times after regeneration 
for the removal and recovery of Zn(ll) from waste water. The removal of 
Zn(ll) was 93.02% when 50 ml of the waste treated with 1.0 g of 
adsorbent. The adsorbed Zn(ll) was then recovered (95.3%) with 0.05M HCI. 
Chapter 3 describes the adsorption studies of Ni(ll) by fruit 
peel of orange % adsorption behaviour of different metal ions on 
orange fruit peel is in the order : Ni(ll) > Cu(ll) > Pb(ll) > Zn(ll) > Cr(\/I) 
The adsorption increases with increasing contact time and the 
equilibrium is attained after 2 h. Adsorption increases with increase in 
temperature Thermodynamic parameters such as standard free energy 
(AG° ) , enthalpy change (AH°), and entropy change (AS°) were also 
calculated The adsorption data has been analysed in the light of 
Langmuir and Freundlich adsorption models. The Langmuir isotherm is 
valid for monolayer adsorption onto the surface of the adsorbent 
containing finite number of identical sites. The increase in Freundlich 
constant (K )^ values with rise in temperature also confirms that the 
process is endothermic. The maximum adsorption occurs at pH 6 
(97 5%) but adsorption decreases when pH is increased further The 
desorption of Ni(ll) is rapid and 95.8% Ni(ll) could be eluted in 30 ml of 
effluent from the column. The desorption of Ni(ll) from a solution 
containing 50 mgL"'' Ni(ll) by batch process was 76%. The adsorbent 
can be used successfully 4 times after regeneration for the removal and 
recovery of Ni(ll) from wastewater. The adsorbed Ni(ll) was recovered 
(93%) with 0 05M HCI from electroplating wastewater. 
Chapter 4 deals with the adsorption studies of Cd(ll) using 
teak leaves (Tectona grandis) as adsorbent. The maximum adsorption 
(93%) is observed at 20 mgL'"' initial Cd(ll) concentration and 
decreases to only 8 1 % when initial concentration is increases to 100 
mgL"'' The adsorption increases with increasing contact time and the 
equlibnum is attained after shaking for 2 h. Adsorption also increases 
with increase in temperature. Thermodynamic parameters were also 
calculated The adsorption of Cd(ll) on teak leaves increases when pH 
of the system is increased from 3 to 8 The adsorption data are 
described by Langmuir and F-reundlich isotherm. The plot of 1/x/m vs 1/ 
Cg IS linear showing the applicability of Langmuir isotherm. The values 
of Freundlich constant (K )^ are also very high and increase with the 
increase in temperature indicating that Cd(ll) ions are strongly 
adsorbed and adsorption process is endothermic. The adsorption of 
Cd(ll) decreases with increase in particle size and peak value was 
observed by the finest particle probably because of the large surface 
area The desorption of Cd(ll) is rapid and maximum cd(ll) is recovered 
within first fraction (84%) while complete recovery is observed in four 
fractions (40 ml) However, in batch process^ recovery of Cd(il) is slovv 
and incomplete (86%) when desorption was carried out with 50 ml of 
0.05 M HCI solution. 
Chapter 5 describes the studies of adsorption behaviour of 
some aromatic amines on pyrolusite and activated carbon and recovery 
of p-naphthylamine from water sample. Pyrolusite shows remarkable 
sorption capacity for diphenyl amine (DPAM) and (3 naphthyl amine {{'> 
NAM) as compared to aniline. The adsorption on both the adsorbents 
followed the order 
Activated Carbon DPAM = p NAM > a NAM > Aniline 
Pyrolusite DPAM =: p NAM > a NAM > Aniline) 
The maximum adsorption of fi NAM occurred in the concentration range 
4-20 (.ig mL"' on pyrolusite (95%) and 4-50 ng m,L'^  on activated carbon 
(100%) The effect of various doses of activated carbon on the 
adsorption of p NAM confirm Langmuir and Freundlich isotherms 
whereas Freundlich isotherm is obeyed by pyrolusite. The adsorption of 
p NAM on both the adsorbents is not affected in presence of DPAM 
over a wide range of their initial concentrations (20-60 .^igmL '^') The 
desorption studies on both the adsorbents vi/ere carried out by batch as 
v^ell as by column operations using various solvents. It was observed 
that the recovery of p NAM on activated carbon is poor as compared 
to pyrolusite and excellent results were obtained when a mixture of n-
hexane and isopropanol (91:1) was used as eluent. 
STUDIES ON TREATMENT AND DISPOSAL 
OF INDUSTRIAL WASTE 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 





DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 




r(;is is to ceFtif\) ti;at t^e it'or^ presented in t(;is 
t.f;>esis eniiiiei) "Studies OM Treatment anh 
Disj)osai o[ In()Mstri<a[ Waste" is tl^e origmal piece 
oj researcl) work of Mr. Rais Arfmah^ carried out 
un()er m^ su])e,rv]mn anh 0ui()ance. Tvje work sufcmitte^ ) 
m wis ttjesis l^as not been submitted eisewvjere \or uje 
awarh oj an\) other hegree or Diploitia. 
RTFAQAT ALT KHAN RAO 
Swpervisor 

IM l\)t name o\ Kiial) t(;e most benevolent anh mercijulf 
I owe a bebt of profound gratituhe to Dr. Riffl^ flt A(i Kh^n 
Kao, m-^ supervhoYf for (;is sc(;o[ar;v) ^ui5ance^ {)eam)^ 
criticism avib fcen interest t(7rou0(;out t{;e stu5>(). 
I e^cpress m^ sen&e o\ iw e^fctHess to Prof. lAo\)ammab 
Ajmal for (;is outstanding contribution anb mvaluabie 
assistance to me. 
M;v? sincere tl^anks are also hue to Prof. K.G. 
Varsl^ne^f c{)a\rman, Department of Applied C^emistr^^ 
A.M.U.^  pl\Qar\) for pro'L'i^ in^ me a[( t{)e requisite facilities 
available in t[)e department. 
I wisl^  to present a token of 5eep appreciation to m^ 
seniors Dr. ]ameel Ky)mah) Dr. s(;amim A(;ma5 an() Dr. 
^l)^m&ul Haj^at for t(?eir constant encouraQement^ moral 
swpport anb frien5[>p cooperation 5urin^ ti^e entire course of 
research;. 
I exijjress m^ (?eartfe[t reverence to m-^ parent wl^ose 
^oo5 wisl^es anb sacreb fckssin^s l^ave alwa-^s been a source of 
inspiration in accomp(isl[;in^ tl^is task 
CONTENTS 
Page No. 
LIST OF TABLES i-ii 
LIST OF FIGURES iii-iv 
CHAPTER -1 
GENERAL INTRODUCTION 
1.1 Introduction 1 
1.2 Environmental Pollution 4 
1.3 Heavy Metal Pollution 16 
1.4 Sources of Heavy Metal Pollution 18 
1.5 Survey of Literature 24 
1.5.1 Treatment technology for the removal 
and recovery of heavy metals and 
organic compounds from industrial 
wastewater 
1.5.2 Summary of the work done on 
treatment of water and wastewater 38 
1.6 Aims and Objectives 36 
References 95 
CHAPTER-2 
ADSORPTION STUDIES OF HEAVY METALS ONTECTONA 
















Effect of pH 
Regeneration studies 
Recovery of Zn(ll) from electroplating 
wastewater 








Effect of contact time 
Effect of concentration 




Effect of pH 

















2.3.8 Desorption studies 140 
2.3.9 Regeneration studies 140 
2.3.10 Recovery of Zn(ll) from electroplasting 
wastewater 141 
2.4 Conclusion 141 
References 152 
CHAPTER-3 
ADSORPTION STUDIES ON CITRUS RETICULATA (FRUIT 
PEEL OF ORANGE) : REMOVAL AND RECOVERY OF Nl(ll) 
FROM ELECTROPLATING WASTEWATER 
3.1 Introduction 155 
3.2 Material and Methods 157 
3.2.1 Adsorbent 157 
3.2.2 Adsorbate solution 157 
3.2.3 Adsorption studies 157 
3.2.4 Effect of pH 157 
3.2.5 Desorption of Ni(ll) 158 
3.2.6 Regeneration studies 158 
3.2.7 Recovery of Ni(ll) from electro-
plating wastewater 159 
3.3 Result and Discussion 159 
3.3.1 Effect of contact time 159 
3.3.2 Effefct of concentration 160 
3.3.3 Effect of temperature on metal 
adsorption 160 
3.3.4 Adsorption isotherms 162 
3.3.5 Adsorption dynamics 163 
3.3.6 Intraparticle diffusion 164 
3.3.7 Effect of pH 164 
3.3.8 Desorption studies 165 
3.3.9 Regeneration studies 165 
3.3.10 Recovery of Ni(ll) from electro-
plating wastewater 166 
3.4 Conclusion 166 
References 1 j g 
CHAPTER-4 
REMOVAL AND RECOVERY OF Cd{ll) FROM AQUEOUS 
SOLUTION BY (TECTONA GRANDIS) TEAK LEAVES 
4.1 Introduction 182 
4.2 Material and Methods I84 
4.2.1 Adsorbent I84 
4.2.2 Adsorbate solution 184 
4.2.3 Batch adsorption studies 184 
4.2.4 Effect of pH 185 
4.2.5 Adsorption model 185 
4.2.5.1 Langmuir model 185 
4.2.5.2 Freundlich model 185 
4.2.6 Desorption of Cd(ll) 186 
4.3 Result and Discussion 187 
4.3.1 Effect of concentration 187 
4.3.2 Effect of contact time 187 
4.3.3 Effect of temperature on metal 
adsorption 187 
4.3.4 Effect of pH 188 
4.3.5 Adsorption isotherms 189 
4.3.6 Adsorption dynamics 190 
4.3.7 Adsorbent dose 191 
4.3.8 Effect of particle size 191 
4.3.9 Desorption studies 191 
4.4 Conclusion 192 
References 200 
CHAPTER-5 
ADSORPTION BEHAVIOUR OF SOME AROMATIC AMINES 
ON PYROLUSITE AND ACTIVATED CARBON AND RECOVERY 
















al and Methods 
Adsorbent 
Reagents and samples 
Apparatus 
Sample analysis 
Batch Adsorption studies 
Adsorption models 






























CONCLUSION AND FUTURE PERSPECTIVES 225 
LIST OF PUBLICATION 
LIST OF TABLES 
Table No. Page No. 
1.1 Toxic Trace Elements in Natural Waters and 
Wastewater 13 
1.2 Concentration of Gases Comprising Normal 
Dry Air 15 
1.3 Metals in Industrial Wastewaters 22 
1.4A A Selective summary of Recent Work Done 
on Treatment of Water and Wastewater 
containing Heavy Metals 38 
1.4B A Selective summary of Recent Work Done 
on Treatment of Water and Wastewater 
containing Organic compounds 91 
2.1 Adsorption of different metals on Teak leaves 143 
2.2 Thermodynamic parameters 143 
2.3 Rate Constant at different temperature 144 
2.4 Effect of Regeneration on the adsorption 
and desorption of Zn(ll) by Teak leaves 145 
2.5 Analysis of Electroplating Wastewater 146 
2.6 Removal and Recovery of Zn(li) from 
Electroplating Wastewater by Batch process 147 
3.1 Thermodynamic parameters for Adsorption of 
Ni(ll) 167 
3.2 Langmuir and Freundlich Constants at 
different temperature 168 
3.3 Rate Constant at different temperature 
for Adsorption of Ni(ll) 169 
3.4 Effect of Regeneration on the Adsorption 
and Desorption of Ni(ll) by Fruit peel of Orange 170 
3.5 Analysis of Electroplating Wastewater 171 
3.6 Removal and Recovery of Ni(ll) from Electro-
plating Wastewater (Batch processs) 172 
4.1 Thermodynamic Parameters 193 
4.2 Freundlich Constants at different temperature 193 
i i 
4.3 Rate Constant at different temperature for 
Adsorption of Cd( 11) 194 
4.4 Effect of Particle Size on the Adsorption 
process 194 
5.1 Adsorption of Aromatic Amines 214 
5.2 Effect of Concentration on the Adsorption 
Ofa-NAM 214 
5.3 Effect of Concentration of the Adsorption 
ofp-NAM 215 
5.4 Adsorption of p-NAM in presence of DPAM on 
Activated Carbon and Pyrolusite 215 
5.5 Recovery of Aromatic Amines from Activated 
Carbon and Pyrolusite by Batch Process 216 
5.6 Isotherm Parameters for the Adsorption of p-NAM 
on Activated Carbon and Pyrolusite at room 
temperature 217 
X X I 
LIST OF FIGURES 
Figure No. Page No. 
2.1 Effect of contact time 148 
2.2 Effect of concentration 148 
2.3 Log Kc vs 1/T 149 
2.4 Lagergren plots 149 
2.5 C/C„vst i /2 ^5Q 
2.6 Effect of pH on the adsorption of Zn(ll) 
by Teak leaves 150 
2.7 Effect of adsorbent qoses 151 
2.8 Recovery of Zn(II) 151 
3.1 Effect of contact tim^ 173 
3.2 Effect of concentratiQn 173 
3.3 In Kc vs 1/T 174 
3.4 Langmuir isotherm 174 
3.5 Freundlich isotherm 175 
3.6 Lagergren plot 175 
3.7 Intraparticle diffusion 176 
3.8 Effect of pH 176 
3.9 Desorption of Ni(ll) 177 
4.1 Effect of concentration on the adsorption 
of Cd(ll) by Teak leaves 195 
4.2 Effect of contact time 195 
4.3 Plot of log Kc vs 1/T 196 
4.4 Effect of pH on the Cd(ll) sorption capacity 
of Teak leaves 196 
3.5 Langmuir isotherms 197 
4.6 Freundlich isotherms 197 
4.7 Lagergren plot 198 
4.8 Weber plot for intra particle diffusion 198 
4.9 Effect of adsorbent (joses 199 
I V 
4 10 Recovery of Cd(ll) 199 
5 1 Effect of adsorbent doses (Activated Carbon) 218 
5 2 Effect of adsorbent doses (Pyrolusite) 218 
5 3 Langmuir isotherm (Activated Carbon) 219 
5 4 Freundlich isotherm (Activated Carbon) 219 
5 5 Langmuir isotherm (Pyrolusite) 220 
5 6 Freundlich isotherm (Pyrolusite) 220 




1.1 INTRODUCTION : 
Today , as never before , planet earth stands in need of mankind's 
watchful eye over its endangered ecological balance to avert its tragic 
extinction by population and plunder. The chaotic and shortsighted 
exploitation of nature has produced a set of conflict situations in the 
utilization of nature. Many of the situations undoubtedly have their roots 
deep in human history Nevertheless , it is only the unprecedented growth 
of productive forces and their operation in conditions of competition . The 
absence of planning and the insufficiency of our knowledge of nature 
which has actually aggravated them and given them a global character It 
will be better to express in the words of Naik poem's Threatened survival : 
As I walk 
Through the lovely green stretch of grass and trees 
And , enjoy the freshness of air 
I feel sad 
For this many not last longer. 
There was a time 
When man and nature 
Were in complete harmony 
But now , 
Man has become mean and selfish 
And can not understand 
Nature's agony and anguish. 
Natural resources are depleting 
Wildlife IS perishing 
And Man IS advancing 
Advancing at the cost of his own degradation 
Take step now 
Or it will be never 
And man is going to suffer forever. 
The world we live in, if it is to use science and technology must 
first stress the fundamental values cherished over the ages and the 
imperative need to preserve and promote them. Here, science is no 
longer Frankenstein's monster, but a creative intelligence, which raises 
humanity in harmonious living to celestial heights. If we misuse science 
for negative noxiousness or aggressive violence or sensual pleasure we 
betray the gift granted to us by the supreme power . 
The concept of environmental pollution is however, not new 
(Train. 1976 ; Rachel, 1960) . Even in the thirties Robert Frost described 
in the poem "New Hampshire" the concern of the "environmentalist' and 
sounded a note of warning which is quite relevant even today. "How many 
times It thundered before" "Franklin" took the hint. How many apples fell 
on Newton's head before he took the hint ! Nature is always hinting at us 
hint over and over again, and suddenly we take the hint" Indeed, man 
has started to look at the problem seriously only after the pollutants and 
poisons in the air, earth and water piled up to the point where they posed 
a serious threat to human life. It is only now he is realizing and hence, the 
feeble call "back to nature" is now gaining momentum . 
Millions of tonnes of toxic and objectionable materia! is daily 
being disposed off in the environment as a result of industrialization 
which has led to catastrophic episodes. India is not free from these tragic 
episodes such as methyl isocynates gas leakage from Union Carbide 
Factory (Bhopal). killing about three thousand people (1984). Oil slicks 
due to gulf war and near home when tanker transporting oil ran a ground 
and more recently arsenic poisoning in lake of W. Bengal have been 
reported (1999) 
A challenging task for the environmental chemist is the removal 
of these pollutants often found at trace level in various medium of the 
environment Today organic as well as inorganic pollutants have perhaps 
become more important as they are not only toxic but often carcinogenic 
and affect physiological processes of living things . On the other hand it 
is very difficult to separate as well as identify the complex organic 
mixtures For many years attention has been paid to the development to 
field method as they have a wider applicability. Conventional method of 
heavy metal determination in general perform satisfactory. However, 
recent development in instumentation has made this easier where HPLC 
(High performance liquid chromatography) is playing an exclusive and 
notable role as one of the most powerful methods of separation. The 
excellent examples are the separation of polycyclic aromatic 
hydrocarbons. Atomic absorption spectrometer, X - ray fluorescence and 
inductively coupled plasma mass spectrometry (ICP - MS) are the recent 
unique tools for inorganic and organic analysis. The most common 
method for the removal of heavy metals involves hydroxide precipitation 
on the basis of its performance and ease of operation. The other 
available methods include evaporation, ion exchange, adsorption, 
electrodialysis, electroytic extraction, reverse osmosis but many of them 
are used in special circumstances because of their relatively high cost in 
separation 
in recent years the adsorption technique for the removal and 
recovery of heavy metals and organic pollutants from industrial v /^astes 
has received a great deal of attention . As the use of adsorbent will not 
only cut down the costs but also increase its multidirectional application. 
1.2 ENVIRONMENTAL POLLUTION : 
Pollution of the environment is one of the most horrible ecological 
crisis to which we are subjected today. We know that three basic 
amenities for living organism are air, land or soil and water . Sometimes 
in the past, these amenities were pure, virgin, undisturbed, 
uncontaminated and basically most hospitable for living organisms, but 
the situation is just the reverse today because progress in science and 
technology is also leading to pollution of environment and serious 
ecological imbalance which in long run may prove disastrous for mankind 
Enviromental pollution is the result of urban-industrial technological 
revolution and speedy explosion of every bit of natural resources. The 
mad rat race among the nation over the entire globe for the development 
jeopardised the existence of man itself. The craze of progress in 
agnculcutre. industry, transportation and technology is taken as the 
general cntarion of development of any nation . Such activities of man 
has created adverse effects on all living organism in the biosphere. 
Rapid industrialization has left with us polluted rivers, contaminated soil 
depleted wild life and exhausted natural resources. Today the 
environment has become foul, contaminated, undesirable and therefore, 
harmful for the health of living organisms including the man. The term 
environment, as far as pollution is concerned includes the air, water and 
noise. Thus pollution is generally defined as "The addition of the 
constituents to water, air or land, which adversely alter the natural quality 
of environment". 
Today India, which occupies seventh place among the 
industrialized developing countries of the world, is provided with a good 
industrial infra-structure in industries like Chemical, Power, Nuclear 
energy. Food, Petroleum, Pesticides and Plastics. A rapid progress in 
atomic and nuclear energy has added a huge amount of radioactive in 
the atmosphere. A number of industrial effluents and emission, especially 
toxic heavy metal and gases are spread into the water and air daily. Thus, 
the environment is deteriorated to such an extent that it has crossed the 
critical limit and has become lethal to all organisms including man. 
The environmental pollution is thus the evil of all man made 
progress. It is only the industrialized countries which are threatened with 
the deterioration in the environment, but the menace is rapidly growing in 
India too 
POLLUTANT 
It is evident, therefore, that every human society, be it rural, 
urban, industrial or most technological and scientifically advanced. 
disposed off certain kinds of waste products as well as by-products 
which injected into the environment in so large quantities that they affects 
the normal functioning of the ecosystem are collectively known as 
pollutant which have adverse effect on plants, animals and human beings 
Some of the most important and comman pollutant of developed 
and developing countries are deposited matter (sulphur dioxide, florine. 
ozone, ammonia etc.), chemical compounds (aldehyde, detergents 
hydrogen fluoride, arsines, phosgene etc.), toxic metals (cadmium, 
mercury, nickel, lead, zinc, iron etc.), economic poisons (herbicides, 
pesticides, fungicides, insecticides , rodenticldes etc.), fertilizers (N, K, 
P), sewage (human waste), radioactive substances (argon-41, cobalt-60, 
caesinum-137, iodine-131, krypton-85, astrontium-90, tritium and 
plutonium-239), noise and heat . 
Classification of pollutants : 
Pollutant can be classified in a number of ways ; for example 
(a) On the basis of their forms in which they exist in the environment 
after their release. On this basis they can be classified as primary 
and secondary pollutants. 
(1) Primary Pollutants : 
Substances emitted directly from an identifiable source. These 
pollutants exists as such after being added or release into the 
environment. Examples are sulphur dioxide, nitrogen oxides etc. 
(2) Secondry Pollutants : 
Substances derived from primary pollutants by chemical reactions. 
For example, primary pollutant such as hydrocarbons and nitrogen oxides 
present in the environment, react in presence of sunlight to form a group 
of nitrous compounds like peroxyacyl nitrate (PAN) which is a secondary 
pollutants. 
(b) From ecosystem point of view, pollutants may be classified as 
biodegradable and non-biodegradable. 
(1) Biodegradable Pollutants : 
These include particularly domestic sewage. If organic wastes drain 
out from residential area are aesily degraded by micro organism, then 
they become useful for various purposes in the ecosystem. The domestic 
sewage can be readily decomposed by natural processes or by 
engineered systems (such as municipal sewage treartment plant) which 
enhance capacity of the nature to decompose and recycle. However, if 
these pollutants enter the environment in such a large quantities that 
complete degradation may not be possible then they become hazardous 
for the environment 
(2) Non-biodegradable Pollutant : 
These include pollutants from various sources such as 
aluminium, iron, mercury salt, phenolic compounds and DDT which either 
not degrade or degrade very slowly or partially thereby polluting the 
environment Such pollutants are harmful even in low cocentration These 
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pollutants not only accumulates but are often biologically magnified as 
they move in biochemical cycles along food chains. They may also react 
with other compounds present in the environment to produce even more 
toxic additional products. Their high concentration may even more fatal. 
These pollutants decrease the rate of photosynthesis by affecting the 
planktons, thus^ disrupting the natural balance existing between oxygen 
and carbon dioxide. 
Classification of Environmental Pollution : 
(1) Water 
(2) Air 
(3) Soil or land 
1. Water Pollution : 
Water pollution may be defined in a number of ways : 
(i) Alteration in physical, chemical and biological characteristic of 
water which may cause harmful affect on human and aquatic biota. 
(Restoring the Quality of our Environment, Report 1965, President 
Science Advisory Committee, Washington, USA) . 
(ii) The deterioration in physical, chemical and biological properties 
of water brought about mainly by human activities and natural 
resources. (C.S Southwick 1976, Ecology and the Quality of Our 
Environment, New York). 
(Ill) Foreign substances, either from natural or anthropogenic sources 
contaminating water supplies may be harmful to life because of 
their toxicity, reduction of normal oxygen level of water, 
aesthetically unsuitable and spread epidemic diseases (World 
Health Organization, 1966). 
(iv) The presence of any toxic substance in water that degrades the 
quality to constitute health hazards or impair its usefulness. (United 
States Public Health Service) . 
Thus, water pollution disturb the normal use of water for irrigation, 
agriculture, industries, public water supply and aquatic life. It is now 
considered not only in terms of public health, but also in terms of 
concentration, aesthetics and preservation of natural beauty and 
resources. Actually it repersents the state of deviation from the pure 
condition, where-by its normal function and properties are affected Any 
shift in naturally dynamic equilibrium existing among environmental 
segments i.e hydrosphere, lithosphere or sediments give rise to the state 
of water pollution Water pollution is mainly caused by : 
(a) Natural processes in which the decomposed vegetable, animal and 
weatherd products are brought into main water resources. All these 
processes are independent on each other and lead to deterioration 
of natural environment. For instance, if organic waste is added to 
water, it will not only influence the chemical chracteristics, but will 
also effect color, odour and biological properties of water. 
(b) Anthropogenic processes includes industrial, agricultural, urban, 
domestic, radioactive, mining sources, use of pesticides and 
fertilizer by man These pollutants are constantly poured m water. 
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deteriorating it to such an extent that it becomes unfit for living 
communities 
Types of Water Pollution : 
Water pollution can be classified mainly into three categories : 
(a) Physical pollution of water 
(b) Chemical pollution of water 
(c) Biological pollution of water 
(a) Physical Pollution : 
Many industrial wastes, which are dischareged into the water 
bodies have a pronounced color. In most cases the color is due to 
organic dyes, but there are some highly colored substances of minerals 
origin e.g. compounds of iron and chromium. When two different trade 
wastes interact in a stream or when a trade effluent and substances 
present naturally in a stream interact, an intense coloration is produced. 
An example of this is the reaction between mine and the natural 
bicarbonates alkalinity of a river to give an unsightly reddish brown 
opalescence. Moreover, a physical chracteristic of sewage and of most 
industrial wastewater is their turbidity , which is caused by the presence 
of very finely divided suspended matter or colloidal matter. Apart from 
that the heated trade effluent from factories, mills and the large volumes 
of warm, cooling water from electricity generating stations, which are 
discharged into the rivers or canals may easily cause a temperature rise 
of several degrees. This can cause deleterious effects on the flora and 
fauna of the stream. 
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(b) Chemical Pollution : 
(i) Organic Pollution : This kind of pollution is due to the presence of 
proteins, fats, carbohydrates and other organic substance found in 
sewage and trade wastes. Household waste in sewage and faecal matter 
are the principal contributors of carbohydrates and proteins in water The 
main components of protein deteriorating water bodies consist of 
aminoacids, albumin, gelatin, casein and keratin. These compound 
undergo putrefaction by bacterial action to release sulphur and 
phosphorus compounds producing particularly gases like hydrogen 
sulphide and sulphur dioxide which in turn cause putrid and musty smell 
in water. Oil are the potential pollutants originating from petroleum 
drilling. The presence of oil in water course is undesirable since it 
creates aesthetic problems. It easily spread over the water surface 
inhibiting diffusion of oxygen and reaeration of water. Oil thickness upto 
0.001 millimeter creates a marked effect on the absorption of oxygen in 
water . The presence of acetaldehyde, furfural, formaldehyde and vanillin 
etc. cause odour in water, inhibit algal growth and are toxic to fish and 
other aquatic animals. Polychlorinated biphenyls (PCB) used in 
dielectrics, lubricants and plastcizers, cause several physiological 
disturbances in man. In animals, PCBs affect the central nervous system 
and respiratory tract. 
Phenolic compound enter into the water system mainly through trade 
wastes.They produce bitter taste, when present in low concentration in 
water while their higher levels result in pain, renal irritation, severe shock 
and possibly death Several polynuclear aromatic hydrocarbons are 
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observed in water bodies creating carcinogenic effects on man and 
animals. Benzene like componds cause odour pollution in water. 
(ii) Inorganic Pollution : 
Many industrial wastes contain corrosive inorganic acids or 
alkalies which can damage a stream by breaking down its natural buffer 
systems and altering its normal pH value. Ammonia, free chlorine, 
hydrogen sulfide and salts of many heavy metals (copper, zinc, lead, 
nickel and chromium etc.) are the toxic inorganic substances (Table 11). 
Any appreciable amounts of these compounds may present or inhibit self 
purification of rivers and may prove toxic to fish and other aquatic life. 
The concentration of copper sulfate that will kill trout, perch and black 
bass are 0.14, 0.75 and 2.1 ppm respectively (Luis Klein, 1957) . 
(c) Biological Pollution : 
Biological pollution is often a secondry result of pollution by 
sewage. It consists of pathogenic bacteria, certain fungi, algae, viruses, 
photogenic protozoa, parasitic worms and plants or animals which for 
some reason either multiply excessively in a stream or are otherwise 
undesirable, harmful or injurious . 
The most wide spread form of biological pollution is the 
contamination of water by pathogenic bacteria derived from sewage 
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Table 1.1 Toxic trace elements in natural waters and wastewater 
(De, 1989) 
Elements Sources Effects and significance 
Arsenic 
Cadmium 




mining waste, metal 
plating, water pipes 
Toxic possibly carcinogenic 
Replaces zinc bio-chemically, 
causes high blood pressure, 
kidney damage , destruction of 
testicular tissue and red blood 









Coal, nuclear power 
and space industries 
Coal , detergent 
formation, industrial 
waste. 
Metal plating, cooling 
tower water additive 
(chromate) normally 
found as Cr(VI) 
Acute and chronic toxicity, 
possibly carcinogenic 
Toxic to some plants . 
Essential trace element, 
possibly carcinogenic as 
Cr(VI) 
Metal plating, industrial Essential trace element not 
and domestic waste, very toxic to animals, toxic 
mining, mineral to plants and algae 
leaching at moderate levels. 
Natural geological 
sources, industrial 
waste, water additive 




waste, acid mine 
drainage, microbial 
action on manga-
nese minerals at 
low pH 
Prevents tooth decay at about 
1 mgL"'' causes mottled teeth 
and bone damage at about 
5 mgL ^ 
Toxic causes anemia , kidney 
disease, nervous disorder, 
destruction of wildlife . 
Relatively non - toxic to 
animals toxic to plants at 





Industrial wastes , 
mining pesticides, 
coal 







Highly toxic to animals as well 
as plants 
Possibly toxic to animals but 
essential for plants 
Essential at low levels but toxic 
at higher levels 
Essential in many 
metalloenzymes,toxic to 
plants at higher levels 
2. Air Pollution : 
The addition of any substance that will alter to some degree the 
physical and chemical properties of clean air. Such a substance could be 
considered as an air pollutant. 
The five major types of substances known as primary pollutants 
which account for more than 90 % of the air pollution problems are : 
i) Carbon monoxide (CO) 
ii) Nitrogen oxides (NOJ 
iii) Sulphur oxides (SO^) 
iv) Particulates 
The air pollution originates from processes such as 
evaporation, chemical and nuclear reactions resulting in the release of 
high concentration of the contaminants into the atmosphere. The gaseous 
wastes from automobiles exhaust and factories, chimneys as well as 
primitive forms of heating (e.g. burning coals and cowdung cakes) are 
the major sources of air pollution (Copper and Rossano, 1974, Baner 
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Jea. D, 1976 ; Tomany, 1974). The present average composition of clean 
dry air is repersented in Table 1.2. 
Table 1.2 : Concentration of Gases Comprising Normal Dry Air 
(Stern , 1968) 



























3. Soil Pollution : 
The problem of maintenance of the fertility of soil is also 
important as agricultural lands represents the most important permanent 
national asset for a country like India. It is for this reason that the 
question of any deterioration of soils likely to result from sewage or 
industrial waste irrigation should receive the most important 
consideration 
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The harmful effects or infertility of sewage or industrial waste 
irrigated soil is due to any one or a combination of the following factors : 
(a) Difficulty of carrying out agricultural operations. 
(b) Anaerobic conditions in soil. 
(c) Restriction of root zone of plants. 
(d) Smothering of the crops by the flora of water logged lands 
(e) Possibility of a high concentration of salts particularly sodium salts 
Salts may retard adsorption of nutrients and water or may 
themselves be toxic or lead to alkaline conditions. Anaerobic conditions 
also retard the bacteriological activity, which is essential for nitrification . 
1.3 HEAVY METAL POLLUTION : 
Heavy metals are those elements having a density more than 5 
times that of water. They are usually present in trace amounts in natural 
waters and many of them are toxic even at very low concentrations The 
problem ansing from toxic metal pollution of the environment due to the 
increasing use of a wide variety of heavy metals in industry and in our 
daily life, have assumed serious dimensions. 
Enhanced levels of heavy metals in aquatic environment are of 
great concern because of: 
i) Possibility of accumulation of these metals in human body and 
building up with time to toxic levels. 
ii) Bio-concentration/accumulation and magnification by aquatic 
organisms . 
Ill) Chronic and sub-lethal effects to organisms at low concentrations. 
iv) Possible intake through drinking water and aquatic food. 
v) Carcinogenic and teratogenic possibilities of some heavy metals 
and their compounds. 
vl) Phyto-toxicity of heavy metals. 
vii) High sensitivity of children towards some of the heavy metals. 
viii) Synergistic effect of heavy metals to organisms. 
ix) Persistence in the environment with possibilities for environment 
transformation into more toxic compounds . 
It is a matter of grave concern that an increasing quantity of 
heavy metals are being discharged in our resources, especially since a 
large number of industries discharge their metal containing effluents to 
fresh water without adequate treatment . 
The information on metal toxicity to human beings is derived 
mostly from health surveys among workers engaged in mining and 
processing of these metals . Environmental degradation is mostly due to 
metals like Pb(ll), Cd(li), Hg(ll), Ni(ll), Cu(ll), Cr(VI) and Cr(lll) which have 
been the source of major concern. 
Lead is a toxic element and it accumulates in the body, mainly 
in the bones. It is also found to accumulate in brain, kidney and muscles 
Lead poisoning is not due to occasional exposure to small doses but due 
to permanent cumulative effects. However, death may result in extreme 
cases of lead poisoning Due to discharge of industrial waste waters 
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such as printing, dyeing and oil refineries etc. its concetrations in water 
increases Cadmium accumulates in various parts of the body (liver, 
pancreas, kidney ate.) and causes the painful bone diseases itai-itai 
Electroplating, chemical industries, milling and mining effluents are the 
major sources of cadmium. Mercury is also a highly poisoning substance 
and IS mainly toxic in the form of methyl mercury. It affects the central 
neivous svs\eTn ariti mav t^e 1a\a'i a*i h'lgheT doses. Ct-ppB:T 'ifi ^ ihe fiaVoTa'i 
waters also results in higher concentration due to pollution. It is used as 
a pesticides with sulphate and also as an algicides separetly. Although it 
passes as such through the body b>ut there is evidence of accumulation in 
liver in trace quantities. Apart from these metals, there are certain 
reports of chromium accumulation at higher concentrations irrespective 
of their valency. Hexavalent chromium is found to be more toxic. It causes 
cancer in respiratory tract, when inhaled in large quantities 
occupationally. However, there is no evidence of cancer due to chromium 
intake through diet or ambient v /^ater (National Academy of Science, 
1974). It results in higher concentration in the wastes from alectroplating, 
paints, dyes, chrome tanning, explosives, ceramics and paper industries 
etc. (Trivedy and Goel, 1975). 
1.4 SOURCES OF HEAVY METAL POLLUTION 
The heightened awareness of the deleterious effects of heavy 
metal pollution of the environment have posed a serious threat. The 
problem arising due to the increasing use of a wide variety of heavy 
metals in industry and in our daily life however, have assumed serious 
dimensions In general, it is possible to distinguish between different 
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sources from which metal pollution of the environment originates. The 
sources are : 
i) Geological Weathering : 
This is the source of baseline or background levels, such as 
the metals occurring in elevated levels in the water and sediments in 
areas characterised by metal bearing formations. Obviously mineralised 
zones, when economically viable are exploited to retrieve and process 
the ore. This in turn leads to disposal of tailings, discharge of effluents 
and possibly smelting operations which result in atmospheric pollution 
of various metals. 
Arsenic rich hot springs arising from geothermal activity feed 
the Waikato River of North Island, New Zealand. Submerged aquatic 
plants from this river were found to contain a maximum of 650 mg/kg 
dry mass. 
Similarly geothermal sources in North Island are a natural 
source for mercury enrichment. 
ii) Mining Effluents : 
The serious effects of mine effluents on the water quality in 
rivers and lakes, as well as on the biotopes, particularly on the fish 
population, have been known for many years. One of the very first 
descriptions of this problem is the fifth report of the 1868 River 
Pollution Commission (Anon, 1968) in Britain, where especially grave 
damage was caused by the disposal of toxic metals from lead, zinc 
and arsenic mines in mid-Wales (Lewin et al., 1977). 
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(iii) Industrial Effluents : 
A large number of industrial effluents contribute to heavy metal 
pollution of the aquatic environment. The classic example is the 
discharge of the catalyst methylated mercury chloride into Minamata 
Bay from a factory manufacturing plastics. 
Most of the heavy metals are employed on widely diversified 
fields, such as in petroleum refining, steal and fertilizer production etc 
Apart from the several industries function on the basis v^here only one 
specific heavy metal is used for example, chromium in the tanning 
industry. 
Chemical and electrochemical methods are employed in the 
metal finishing and allied industries for the purpose of protection and/or 
the decoration of a variety of metal surfaces (Lowe, 1970). Most of the 
processes are followed by rinsing operations to remove the excess 
chemicals and other waste material from the treated surface, thus giving 
rise to effluents containing metals. Notably, pickling and electroplating 
give rise to high waste metal concentrations. Obviously, most effluent 
from pickling and dipping operations are strongly, acidic and contain 
appreciable amount of dissolved metals. It has been estimated that the 
Dow Chemical chlor-alkali plant at Sarnia had discharged 91,000 kg of 
mercury compounds into the St. Clair River system during the period 
1949 to 1972 (Wood 1972). Polish tannery wastes from chrome 
tanneries have been reported to vary between 9-14 mgL"'' of chromium 
(Koziorowskr 1972). Apart from the metal bearing industrial discharges 
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discussed Table 1.3 reveals that the laundries, ice cream and soft drink 
manufactures also discharge wastes containing appreciable amount of 
heavy metals like Cu, Cr, Ni, Zn and Cd. 
The textile dyeing and laundry wastes have high chromium 
contents. The backery wastewater contain high levels of nickel and the 
fur dresser and dyers discharges exceptionally high concentration of 
Cu, Cr, Ni, Zn and Cd (Klein et al., 1974). 
Wastes from metal finishing operations particularly those from 
electroplating are among the most toxic of industrial effluents. Since 
they contain such poisonous constituents as acids, heavy metals viz., 
Cr, Ni, Cd, Zn and Cu and cynides. Electroplating waste is one of the 
major contributors to heavy metal pollution in surface waters (Forstner 
and Wittman, 1981; Music 1986; Golomb, 1972; Dean et al. 1972). For 
this reason electroplating wastes should not be discharged into the 
surface streams unless extensive dilution is made and they should not 
be permitted to municipal sewers. Pretreatment of metal finishing 
wastes at the source, to reduce the concentrations of the toxicants 
below environmentally acceptable levels can be provided to prepare 
them for discharge into stream or municipal sewage. 
Discharge of dye-bearing wastewater into natural streams from 
textile, pulp and paper, carpet and printing industries impart toxicity and 
impedes light penetration. Presence of carcinogens have been reported 
in the combined wastewater of dyeing and printing units of Udaipur, 
India (Document on Textile Industries, 1983). 
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(iv) Domestic Effluents : 
The domestic waste water constitute the largest single source 
of elevated metal concentration in rivers and lakes. Solid waste 
particles may cause metal enrichment of the suspended load in the 
waters. The concentration of copper, lead, zinc, cadmium and silver 
reveal a marked influence of domestic effluents in the receiving waters 
(Preuss and Kollmann, 1974). 
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The use of detergents also creates a possible pollution hazard, 
since common household detergent products can affect the water 
quality. Many enzyme detergents contain traces of elements like Fe, Mn, 
Cr, Ni, Co, Zn, Sr and Ba (Angino et al., 1970). 
v) Urban Storm Water Run Off : 
The Urban storm water runoff presents a serious problem of 
heavy metal contamination. Heavy rainfall in urban area is no longer 
regarded as only a downpour of 'rain water' since they often contain 
shock loads of metal contaminants (Sartor et al., 1974). A statistical 
summary revealed that urban storm water runoff has long been 
recognized as a major source of pollutants to surface waters (Bradford, 1977). 
The contamination, however, occurs during period of storm 
runoff, whereby trace elements results from atmospheric emissions and 
are subsequently deposited on various surface material to the nearby 
drainage system. After monitoring heavy metals from two heavily 
urbanized watershed at Lodi, New Jersey, Whipple and Hunter (1977) 
detected high concentration of lead, zinc and copper after a storm event 
vi) Atmospheric Sources : 
Natural and man made processes have resulted in metal 
containing air-born particulate. Depending on prevailing climatic 
conditions, these particulate may become wind-blown over a great 
distances, nonetheless they are subjected to the fate that they are 
ultimately returned to the Lithosphere as precipitation by ram or 
snowfall. 
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A study conducted by Shiomi (1973) has revealed that 15-36% 
of the Pb entering Lake Ontario from the Niagara River was attributable 
to atmosphere precipitations. 
1.5 SURVEY OF LITERATURE 
1.5.1 Treatment Technology for the removal and recovery of 
heavy metals and organic compounds from Industrial 
wastewater : 
The presence of heavy metals in the environment can be 
detrimental to a variety of living species. Therefore, the elimination of 
heavy metals from v /^ater and wastewater is important in order to 
safeguard public health. Several methods have been proposed for the 
removal and recovery of heavy metals such as : 
(I) Precipitation : 
Ions of the heavy metals occur in wastes from the metal 
finishing industries and m several other types of industrial wastes. 
These metal salts are usually accompanied by acids that can be 
destroyed by neutralization. If the neutralizing agent is strong enough 
and if a sufficient quantity is employed, the pH can be carried beyond 
the neutral point of 7; at a pH of 8 or 9; most of the heavy metals are 
precipitated as hydroxides or basic salts. However, lime is preferred 
over the more expensive sodium or potassium hydroxide. 
Cupric oxide forms from the hydroxide (Stumm and Morgan, 
1970) has minimal solubility between pH 9.0 and 10.3. A minimal 
solubility of 0.01 mgL' has been reported in the above pH range from 
laboratory studies (Jenkins et at., 1964). This value corresponds closely 
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to the theoretical minimum effluent level which could be achieved by 
precipitation. 
Maruyama et al. (1972) studied the removal of copper from 
municipal wastewater enriched up to 5.0 mgL"''. Various combinations 
of lime and ferrous sulfate addition were examined for the treatment 
effectiveness. After chemical addition, flocculation and settling, the 
effluent was sand filtered and passed through activated carbon 
columns. Best copper removal was achieved at pH 6,0 with the addition 
of ferrous sulfate only. Similar improved treatment has been reported 
for alum flocculation at pH 6.8-7.0 which reflects the phenomenon of 
coprecipitation (Gulp and Gulp, 1974). 
A significant problem in achieving low residual copper 
concentration is the presence of complexing agents notably cyanide and 
ammonia. Therefore, copper treatment may depend strongly on the 
removal of complexing agents. One method of avoiding cyanide 
treatment is to use the pyrophosphate copper plating process (Growle, 
1971). Conventional lime treatment of pyrophosphate is not effective 
since the bath is already at pH 8.3-8.8. Elevation of pH to 12.0 with 
lime which precipitate calcium pyrophosphate and thus allow 
simultaneous precipitation of copper hydroxide (Parsons and Rudolfs, 
1951). 
Treatment of cupric wastewater with hydrazine or some other 
reducing agent and sodium hydroxide reduces copper to cuprous form 
and such a system may be operated at pH 7-8 (Voico and Gopper, 
1971: Pinner and Growle, 1971). 
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Limited information is available on sulfide precipitation of 
copper (Rosehart and Lee, 1972; Larsen et al., 1973). Copper was 
reduced from 20 mgL'' to below detectable limits by sulfide 
precipitation from a gold ore extraction wastewater. Treatment by co-
precipitation with alum yielded equivalent results (Cotton and Wilkinson, 
1962). In field studies on an acid mine drainage waste, the waste was 
first lime neutralized to pH 5.0 to precipitate iron and aluminium and 
then with barium sulphide for removal of other heavy metals. Copper 
was reduced from initial levels of 50-115 mgL''" to below 0.5 treated at 
pH 6.5 mgL"^ (Weiner, 1967). 
Cadmium forms an insoluble and highly stable hydroxide at 
alkaline pH (Cotton and Wilkinson, 1962). Most effective cadmium 
hydroxide precipitation occurs between pH 9.5 and 12.5. Freshly 
precipitated cadmium hydroxide has been reported to leave 
approximately 1.0 mgL""* of residual cadmium in solution at pH 8, but 
this is reduced to 0.1 mgL"^ at pH 10 (Jenkins et al., 1964). 
Precipitation at pH above 11 has been reported to yield an effluent 
containing cadmium level of 0.00075 mgL"''. Sand filtration slightly 
reduced this residual cadmium concentration to 0.00070 mgL"'' (Culp 
and Culp, 1974). It has been shown that co-precipitation with iron 
hydroxide at pH 8.5 improves cadmium removal (Anderson et al., 1971; 
Weiner. 1967) and that co-precipitation with aluminium hydroxide is also 
effective for cadmium, as well as zinc and nickel (Culp and Culp, 1974). 
An evidence for the beneficial treatment effect of cadmium by 
co-precipitation with iron hydroxide has been studied by Maruyama et 
al.. (1972). 
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In hydroxide precipitation of cadmium from a waste stream at a 
machine plant,an effluent of pH 9.0 and cadmium concentration of 0.54 
mgL' ' was reported for the lime precipitat ion process (Hansen and 
Zabban, 1959). 
An effective cadmium removal had been acheived in a pilot 
plant lime coagulation - settling process. The process achieved 94.5% 
cadmium removal from the trace quantit ies present (Linstedt et al , 
1971). 
In the presence of complexing agents (e.g. cyanide), it is 
difficult to precipitate cadmium ion (Weiner, 1967). Therefore, effective 
precipitation of cadmium is dependent upon prior cyanide removal. 
Chalmers (1970) reported treated eff luents contain ing cadmium 
concentration of 0.7 mgL""* after cyanide chromium treatment plus 
neutralization and sand filtration. 
A proprietary hydrogen peroxide oxidation precipitation system 
has been developed which simultaneously oxidizes cyanides and 
precipitates the oxide of cadmium. 
The hydroxide precipitation with lime may be unsatisfactory for 
cadmium, due to the high pH required for effective treatment (Dean et 
al. , 1972). The use of sulfide for cadmium precipi tat ion appears 
feasible, although it has had only limited appl icat ion (Larsen et al 
1973; Shimoiizaka 1972) 
Tnvalent chromium can be removed as insoluble chromic 
hydroxide Cr(0H)3 by precipitation with caust ic soda or lime 
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(Besselievre, 1969). The precipitation process is most effective at pH 
8.5-9 5 due to the low solubility of chromic hydroxide in this range. 
Soda ash has been used to precipitate trivalent chromium 
(Besselievre, 1969) although the most commonly employed chemical for 
precipitation is lime. The chromium content of electroplating waste was 
reduced from 140 to 1.0 iTigL"'' by neutralization and precipitation with 
lime at pH 7-8 (Avrutskii, 1969). A coagulant aid was employed to 
improve the chromic hydroxide precipitate removal (Connor et ai., 
1962). 
Chromate reduction have been achieved by sodium 
metabisulfite to below 0.1 mgL"'' followed by neutralization of the waste 
with lime to pH 9.0. Precpitation of chromic and other metallic 
hydroxide, and setting (Werner, 1972) has been found to be a 
promising technique. Trivalent chromium levels below 0.2 mgL"'' can be 
achieved by such treatment (Curry, 1972). 
Sedimentaiton of the precipitate was improved by addition of 
an anionic polyelectrolyte. Plant effluent was reported to contain no 
hexavalent chromium and average 0.75 mgL-"" trivalent chromium 
(Anderson and lobst, 1968). 
(ii) Reduction : 
In reduction treatment technique, the pH of the waste water has 
to be lowered with sulphuric acid and convert the hexavalent chromium 
to trivalent chromium with a chemical reducing agent such as sulfur 
dioxide, sodium bisulfite, metabisulfite or ferrous sulfate. The trivalent 
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chromium is then removed, usually by precipitation with lime 
(MacDougull, 1954; Besselivere, 1969). 
Sulfur dioxide is the most popular reducing agent in treatment 
of chromium containing wastes, primarily because it is relatively cheap 
(Stone, 1972). Its use to treat chromium in metal finishing wastes at a 
Boeing plant has been reported (Halse et al., 1960). The pH of the 
waste was adjusted to 2.5 by adding sulfuric acid before reduction. 
Sulfur dioxide, used to treat chromic acid plating bath and chromic acid 
bath wastes yielded less than 1.0 mgL"'' residual hexavalent chromium 
(Shink, 1968). 
An unusual source of sulfur dioxide, washed out of the power 
house stock gas was used as the chemical reducing agent for 
converting Cr(VI) to Cr(lll). Sodium bisulfite is employed as a 
supplement (Lacy and Cywin, 1968) where additional reduction is 
needed 
In the treatment of electroplating waste containing 140 mgL'' of 
hexavalent chromium, reduction was carried out at pH 2.5-2 8, 
employing sodium bisulfite as the reducing agent (Avrutskii, 1969), The 
process was reported to reduce hexavalent chromium to the 
concentration of 0.7-1.0 mgL"''. The replacement of sulfur dioxide with 
sodium metabisulfite as a reductant has been reported due to industrial 
health problems associated with gas leakage (Kelsy and Seeds, 1972). 
A two-stage chromate reduction process has been utilized for 
chromium plating rinse water. The use of sodium bisulfite followed by 
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hydrazine plus soda ash reduced the chromium concentration from 8-
20 5 mgL'' to less than 0.1 mgL"'' in the effluent (Martin, 1973). The 
use of metabisulfite as a reducing agent for treatment of chromate 
waste from a metal plating operation (Landy, 1971; Werner, 1972) and 
sodium hydrosulfite (Martin, 1973) have also been reported. 
Several reports also describe the use of ferrous sulfate as a 
reducing agent for chromate containing wastes. Ferrous sulfate has 
been found to have the advantage of effectiveness independent of pH 
(Germain et al., 1968). However, Bennett (1972) claims that ferrous 
reduction at pH 2-3 proceeds within 30 minutes to a residual hexavalent 
chromium level to 1.0 mgL ^ In addition, the use of ferrous sulfate to 
treat chromate wastes containing cyanide results in the formation of 
very stable ferrocyanide complex which prevents subsequent effective 
cyanide treatment. 
(iii) Ion Exchange : 
Ion exchange is capable of achieving very high levels of copper 
removal particularly from low concentration wastes. Copper removal by 
ion exchange from 1.02 mgL"'' to less than 0.03 mgL''' has been 
reported (Botham and Bryson, 1953). When compared to other 
treatment methods, for cases where metal recovery is not feasible, ion 
exchange does not appear to be practicable as it is a costly process. 
Treatment of copper rinse solutions containing high ammonia 
contents has been reported by a selective ion exchange resin Copper 
was reduced from 45 mgL '' to undetectable levels by this process. 
31 
Schore (1972) reported that ion exchange reclamation of 
copper from pickle liquor allowed electrolytic copper recovery and 
regenerated the acid pickle solution. 
There are many ion exchange resins with specificity for 
cadmium (Mattock, 1968). However, ion exchange method is unsuitable 
for the recovery of cadmium from mixed cadmium cyanide solution 
(Oldan and Hesler, 1956). 
Relatively little information is available in literature on ion 
exchange treatment of trivalent chromium. In most of the industrial 
wastes chromium exists in the hexavalent form and if recovery is 
preferred, direct ion exchange treatment of the chromate or dichromate 
is carried out. Different resins are employed to recover each form of 
chromium (Ross, 1968; Thomson and Miller, 1971). 
In the ion exchange system, pH is a critical factor (Anderson, 
1974; Calmon, 1974). With proper pH adjustment (4.5-5), chromate was 
removed from cooling water system even in the presence of high 
concentration of sulfate and chloride ions. Successful ion exchange 
treatment of a metal finishing waste has been reported to meet a 
chromate effluent swtandard of 0.05 mgL"'' (Rothstein, 1958). This 
chromate level is equivalent to a Cr(VI) concentration of 0.03 mgL ^ 
(iv) Evaporative Recovery : 
Use of evaporative recovery has been practiced for over 20 
years (Culotta and Swanton, 1970). Recovery of copper by this method 
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IS often more economical than some other metals such as zinc due to 
its higher cost (Culotta and Swanton, 1971). 
In evaporative recovery of chromic acid, all constituents of the 
wastewater are retained in the concentrated product. In practice, this 
has been a major disadvantage of evaporative recovery since the build 
up of impurities often results in defective plating (Pinner, 1973). Plating 
waste rinse water containing only a few mgL""* of chromic acid can be 
concentrated to above 900 mgL"'' (Culotta and Swanton, 1969). 
(v) Electrochemical Reduction : 
A recently developed process with significant potential 
application for both concentrated and dilute copper containing 
wastewater is 'cementation' (Jester and Taylor, 1973; Case, 1974). The 
process involves percolating the copper wastewater through a bed 
scrap iron. By oxidation - reduction reaction, copper is cemented onto 
the iron, with sacrificial iron going into solution. 
Reduction of Cr(\/I) to Cr(lll) has also been successfully applied 
in an electrochemical treatment process. The hexavalent chromium 
reacts with both elemental and ferrous iron and gets reduced to trivalent 
chromium. The reaction has been found to be pH dependent. Complete 
reduction of a 100 mgL"'' Cr(VI) solution has been reported within 8 
minutes, at pH 2.0 (Case, 1974). 
(vl) Miscellaneous Processes : 
The processes include Reverse Osmosis, Electrodialysis, 
Freeze and Electrolytic Recovery of metals from different wastes 
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Successful pilot scale reverse osmosis treatment (99% 
rejection) has been reported for copper pyrophosphate and copper 
cyanide plating bath rinse water. However, available membranes are 
suitable only over a pH range of 3.5-12.0 (Donnelly et al., 1974). The 
removal of cadmium from cadmium plating rinse wastes has been 
reported to the extent of 78 to 99% (Mattock, 1968). A highly selectivity 
cellulose acetate membrane yielded 92.6% rejection at pH 2 6 and 
98.6% rejection at pH 7.6 (Cruver, 1973) for hexavalent chromium 
containing wastes. 
Bovet (1970) has claimed that electrodialysis is economically 
feasible for treatment of process solutions and rinse waters from 
plating and metal finishing operations, and for treatment of acid mine 
drainage, containing heavy metals. 
Freeze recovery has also been considered and reported 
effective as well as economical followed by either reuse or precipitative 
treatment of the concentrated slurry (Donnelly et al,, 1974). About 
99.6% reduction of cadmiium, to a final concentration of 0.4 mgL''' 
(Campbell and Emmerman, 1972) has been achieved by this process. 
Direct electrolytic recovery of copper metal is possible from 
relatively concentrated waste solutions. The electrolytic process 
generally requires a preconcentration step such as ion-exchange or 
evaporation. Acid leach solution from copper ore can be electrolysed 
directly in one application to recover copper (Simpson and Thompson, 
1950). Recovery of copper from copper pickling baths presents no 
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problem but brass pickle solution may cause problems due to the 
sludges formation (Jackson. 1972). 
A new process has been reported (Silman 1971) for the 
electrolytic treatment of dilute copper cyanide solution. The process 
consists of a fluidized semi-conducting carbon bed across which a 
potential is developed. 
(vii) Adsorption Processes : 
The adsorption studies are significant both theoretically and 
practically as they can be utilized in the detection, determination and 
treatment of inorganic and organic pollutants. The use of adsorption 
processes of solid adsorbents has been considerably developed 
recently, for the removal of pollutants. It has been found to be very 
useful and successful in many fields such as the purification processes, 
water treatment processes and analytical methods. 
The removal of residual organic compounds from waste water 
by activated carbon is considered to be the advanced method that has 
received great attention (Swanson, 1971). However very limited 
literature is available on the adsorption of specific compounds. The 
adsorption of phenol, sodium salts of sulphonated organics and 
pesticides have been reported by (Morris and Weber 1964, 1966). 
Snoeyink et a! (1969) found that phenol was adsorbed more extensively 
by a coal base carbon than by a coconut shell carbon. Kipling (1948) 
reported pH effects on the adsorption of acetic acid and n-butylamine 
and concluded that only the undissociated species could be adsorbed 
55 
on activated carbon. However removal was not greater than 20% (for 
acetic acid) and 25% (for n-butylamine). Cheldelin and Williams (1942) 
obtained Freundlich isotherms for a large number of amino acids, 
vitamins and related substances. The important factors noted in their 
work was the presence or absence of aromatic nuclei and the position 
of polar groups Coughlin and Ezra (1968) and Coughlin et al (1968) 
has reported that the adsorption of phenol and nitrobenzene was 
reduced when carbon surface oxides is increased. 
Fox et al. (1969) reported activated carbon studies on a waste 
brine stream containing phenol and acetic acid. The carbon was 
regenerated with sodium hydroxide. Huang and Hardie (1970) used 
activated carbon in a physicochemical treatment process on a refinery 
waste. The removals of chemical oxygen demand (COD) and total 
organic carbon (TOC) were approximately 80 and 90% respectively. 
Paulson (1970) reported COD, TOC and biochemical oxygen demand 
(BOD) removals (65-100%) from primary and secondary effluents of ten 
petroleum refineries. Vanstone (1969, 1970) used activated carbon 
process for the treatment of vairous industrial waste waters and it was 
reported that average removal of COD from one waste stream 
containing phenol, benzene and organic amino compounds was about 
60%. Singh and Misra (1990) has reported removal of phenolic 
compounds from water using chemically treated saw dust. 
Information on some of the effects of functionality, molecular 
weight, pH, branching solubility and polarity is available for a group of 
organic compounds, however these parameters for pure compounds 
should be useful in predict ing results for treatment of specif ic waste. 
Tine prospects of using several low cost materials as adsorbents for 
the removal of heavy metals and organic pol lutants have beefi 
investigated extensively in recent years which are summarized in Table 
1,4A and 1,4B 
1.6 A IMS AND O B J E C T I V E S : 
The awareness of the deleterious effects of heavy metals and 
organic pollutants by their improper disposal into surface water has 
resulted in an intensive efforts aimed at understanding the interaction 
as such materials in natural aquatic system and their removal from 
water and wastewater by various treatment processes. The selection of 
the treatment process in governed by the nature, composition and flow-
rate of the industrial eff luent. The convent ional methods like 
precipitat ion of heavy metals in general perform satisfactori ly to meet 
direct discharge requirements but for very dilute effluent, precipitation 
of heavy metals in difficult unless a coagulating agent is used and that 
results in the lormation of bulky and wet sludge, the disposal of which 
is a problem. Adsorpt ion is one of the best treatment process for 
controll ing pollution specially for dilute effluent. It is rather a polishing 
technique which may be used after biological wastewater treatment. 
The activated carbon is the most widely used adsorbent. Its high cost 
have led to the search for cheaper and economical substitutes. The rate 
of adsorpt ion and the extent to which a particular metal is adsorbed 
depends upon a number of factors., One of them is the nature of 
adsorbent itsoif and hence there is scope to examine adsorpt ion 
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properties of various low cost and easily available materials. It is with 
this view attention has been given to explore the adsorption properties 
of various economically viable substances like teak leaves (Tekctona 
grandis), orange fruit peel (Citrus reticulata) and pyrolusite mineral. 
Attempt have been made for the removal and recovery of heavy metals 
from water and electroplating waste water. Pyrolusite a manganese ore 
has been used for the removal and recovery of various aromatic 
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CHAPTER 2 
ADSORPTION STUDIES OF HEAVY METALS ON TECTONA 
GRANDIS : REMOVAL AND RECOVERY OF Zn(ll) FROM 
ELECTROPLATING WASTES 
2.1 INTRODUCTION 
The water bodies are polluted by different contaminants like organics 
refractories, heavy metal ions etc., from domestic sewage, agricultural 
and industrial wastewater discharges. Waters containing significant 
concentrations of some of the metal ions are toxic to human beings, 
animals as well as aquatic organisms. Therefore efforts in different ways 
have been made to control water pollution, through easy and economical 
treatment measures. 
Amongst the heavy metals Zinc is chronically and acutely toxic 
to several aquatic organisms (Barry, T. Hart, 1974), There are many 
opportunities for contamination of water by Zinc, both from natural 
sources as well as from industrial uses. 
Zinc is generally released through industrial waste discharges 
from pulp and paper mills, organic chemicals, petrochemicals, and 
inorganic chemicals, manufacturing factories, fert i l izers, petroleum 
refining units, basic steel works foundries and non ferrous metal 
works and steam generation power plants etc. 
Excessive ingestion of Zinc may affect the human metabolism 
through the changes brought about in the mineral and the enzyme budget 
especially the children and patients already suffering from irregular 
metabolism (Schroeder. H.A; 1967). 
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Zinc has been reportedly found toxic to plant growth when present in 
the range of 0 3 ± 0 1 mgL-^ for Soyabeans (Early B.B., 1943), 0 5 mgL" 
^ for subterranean clover (Alain J. Rubin, 1976), and 0.5 mgL"'' for maize 
and beans (Gangoli, N; et al., 1973). 
In India, the waste water from viscose Rayon factory (Sastry, G.A. et 
al., 1971) contained Zinc in concentration ranging from 171-210 mgL"''. In 
Rajasthan at Debary, Zinc smelter release effluents (Bhandari, L.M; 1973) 
vitiich contained Zinc concentrations upto 160 mgL""". 
The USPHS (United State Public Health Service) recommends that 
the concentration of Zinc should not exceed 10 mgL"'' both in surface 
waters and irrigation waters (Alan J. Rubin; 1976). The derived working 
level for Zinc in irrigation water is 2.0 mgL"'' as recommended by the 
Australian Water Resources Council (Barry, T Hart; 1974). Tolerance limit, 
for industrial effluents containing Zinc, discharged into inland surface 
waters is 5.0 mgL"'' as suggested by the Indian Standard Institution 
(Indian Stands Institution 1974). 
It is matter of concern that most of the toxic metals including Zinc 
could not be removed during traditional processes used in water 
treatment for public water supplies (Forstner, U; et al., 1979, Funke, J.N ; 
1975; Jackson's, et al., 1970; Netzar, A. et al., 1974; Nilsson, R; 1971) 
The adsorption phenomenon has still been found economically 
appealing for the removal of toxic metals from waste water by selecting 
some adsorbent under optimum operating conditions. The behaviour of 
some adsorbents like silica gel, pyrolusite, Fe(ll!) hydroxide, sawdust for 
the removal and recovery of Hg''^. Cr^ "", Ni"'^ , Cu''^ , Cd"'^ , Pb-'S, Zn'^ and 
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Mg*2 from river and industrial waste water have been studied m our 
laboratory (Ajmal et al^ 1989 1993, 1995, 1996) The adsorption 
behaviour of Zinc on activated carbon (Sigworth, E.A et a!., 1972) and 
Flyash (P. VS. Prabhu et al , 1981) has been studied. 
Indian Teak being a deciduous plant, sheds its leaves in the months 
of March - April. The disposal problem of waste sheded leaves can be 
minimized by utilizing them as adsorbent for the removal of heavy metal 
ions from waste water 
In this chapter results of laboratory batch studies on the adsorption 
of Zinc from aqueous solution by Teak leaves are reported. The effect of 
contact time, pH, temperatures, concentrations and dose on the removal of 
Zinc(ll) by Teak leaves have been studied. The thermodynamic 
parameters viz. Ink, AG^, AS° and AH° have been calculated and 
described 
The adsorption and desorption studies under appropriate conditions 
have been utilized for the removal and recovery of Zinc(ll) from 
electroplating waste water. 
2.2 MATERIAL AND METHODS 
2.2.1 Adsorbent : 
Sieved leaves of Tectona grandis (Teak leaves) were used as 
an adsorbent for the removal of Zn(ll) from aqueous solution The 
leaves were dried, crushed and washed thoroughly with double 
distilled water to clean the adhering dirt and finally dried in an air 
oven at 100-105°C for 24 h. After drying the adsorbents was sievea 
through 150 mesh size and used as such 
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2.2.2 Adsorbate Solution : 
Stock so lut ion of Zn( l t ) was prepared (100 0 mgL' ' ) by 
dissolving desired quantity of Zinc nitrate (AR grade in distilled water 
2.2.3 Adsorption Studies : 
Adsorption studies were carried out by batch process. 0.5 g of 
adsorbent was taken in a conical flask. 50 ml solution of meta! 
ions of desired concentration was then added and mixture was 
shaken in shaker. The mixture was then f i l t e red and f ina l 
concentration of metal ions was determined in the filtrate by atomic 
absorption spectrophotometer (Model GBC 902) using air-acetylene 
f lame. The amount of metal ion adsorbed was calculated by 
substracting final concentration from initial concentration. 
2.2.4 Effect of pH : 
The effect of pH on the adsorption of Zn(ll) was studied as 
follows. 100 ml Zn(ll) solution was taken in a beaker. The pH of 
solution was adjusted by adding dilute solution of HCI or NaOH. 
The concentration of Zn(ll) in this solution was then determined 
(initial concentration). 50 ml of this solution was taken in a conical 
flask and treated with 0 5 g of adsorbent and after equilibrium the 
final concentration of Zn(il) was determined. 
2.2.5 Desorption or Recovery of Zn(ll) : 
The desorption studies were carried out by batch as well as 
by column process under similar conditions. 50 ml of the sample 
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containing 10 m g L ' Zn(l l ) was treated with 1 g of adsorbent^ The 
pH of the solution was adjusted to 6 and was left in contact with 
adsorbent for 24 h The solution was then filtered and filterate was 
analysed for Zn(l l) The adsorbent was then transferred to another 
conical flask and treated with 50 ml of 0 05 M HCI solution. It was 
aga in f i l te red and the deso rbed Zn (II) was de termined in the 
f i l terate Column studies were conducted using 1 g of Teak leaves 
packed in glass column (0 6 cm in diameter) with a glass wool 
support. The adsorbent was washed with d is t i l led water and then 
50 ml solution containing 0,5 mg of Zn(ll) (pH6) was passed through 
the column The adsorbed Zn(ll) was then eluted with 0.05 M HCI 
so lu t ion with a f low rate of 1 ml mm."^ throughout the e lu t ion 
process. Zn(l l ) eluted was col lected in 10 ml fract ions and then 
determined by atomic absorpt ion spectrophotometer. 
2.2.6 Regeneration studies : 
0.5 g of adsorbent was treated with 50 ml Zn(ll) solution (50 mgL'') 
in a conical f lask and after equi l ibr ium time it was f i l tered. The 
adsorbent was then treated with 50 ml HCI solution (0.05 M) for 24 h. It 
was again filtered and filterate was analysed for Zn(ll) desorbed The 
adsorbent was washed several time with distil led water in order to 
remove excess acid It was again treated with 50 ml Zn(ll) solution and 
above procedure was repeated a number of times (5 times or cycle). 
2.2.7 Recovery of Zn(ll) from electroplating waste water : 
The removal and recovery of Zn(ll) from electroplating waste water 
was carried out by batch as well as by column operations. 50 ml of the 
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waste containing 129 mgL^ Zn(ll) was taken In a conical flask and its 
pH was adjusted to 6 It was then treated with 1 g of adsorbent The 
removal and recovery of Zn(ll) was earned out as described above. In 
another experiment, 50 ml of the waste was taken in a beaker and its 
pH was adjusted to 6 It was then passed through the column containing 
1 g of adsorbent and the removal and recovery of Zn(ll) was carried out 
as described above. 
2.3 RESULTS AND DISCUSSION 
The adsorptions of Cr(VI), Ni(ll), Zn(ll) and Cd(ll) on Teak leaves at 
pH (6-7) is shown in Table 2 1. The adsorption of Cr(VI) is minimum 
while Zn (II) adsorbed maximum (96%). The adsorption of Cd(ll) and Ni(ll) 
is also very high. A similar behaviour was observed when phosphate 
treated sawdust was used (Ajmal et al., 1996) where maximum 
adsorption of Zn(ll) and Ni(ll) was observed. 
2.3.1 Effect of contact time : 
The dependence of adsorption of Zn(ll) with time is presenterd in 
Fig. 2.1. The adsorption increases with increasing contact time. The Zn(ll) 
uptake vs time curve at different temperatures (Fig. 2.1) shov\/s that initially (at 
15 minutes contact time ) adsorption of Zn(ll) is low at 30°C and 
increases as the temperature is increased to 50°C. However, when 
contact time is increased, (at 30°C) the adsorption also increases and 
equilibrium is attained after 2 h. When temperature is increased further 
(40 and 50°C) the adsorption is rapid and equilibrium is attained much 
earlier (30 mints). It is also important to note that adsorption of Zn(ll) at 
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40° and 50°C is almost equal as the contact time is increased from 30 
minutes to 1 h and after that the adsorption at 50°C is slightly increased 
It can be concluded that adsorption of Zn(ll) increases with the increase 
in temperature and equilibrium is attained earlier but uptake of Zn(lt) Vs 
time curves at 40 and 50°C are not smooth. However at 30°C the 
uptake of Zn(ll) in less and equilibrium time is more (2 h) but at the 
same time the Zn (II) uptake vs time curve is smooth and continuous 
leading to saturation and indicates the possibility of monolayer coverage 
of Zn(ll) ions on adsorbent surface. A similar behaviour was observed 
(Prabhu et al., 1981) on the adsorption of Zn(ll) by flayash. 
2.3.2 Effect of Concentration : 
Fig 2.2 shows that when concentration of Zn(ll) is increased, the 
adsorption of Zn(ll) also increases but at the same time % adsorption 
decreases. The maximum adsorption (100%) is observed at 20 m g L ' 
initial Zn(ll) concentration (Fig. 2.2) and decreases to 75% when initial 
Zn(ll) concentration is increased to 100 mgLV 
2.3.3 Effect of temperature on metal adsorption : 
The temperature range used in this study was from 30 to 50°C 
Adsorption increases with increase in temperature. Thermodynamic 
parameters such as free energy change (AG°), enthalpy change (AH°) and 
entropy change (AS°) were calculated using the fol lowing equations 
(Singh et al., 1988. Catena and Bnght, 1989; Fraji et al.. 1992) 
Kc = CJC^ 
13^ 
where K^  is equilibrium constant. C^^ , and C^ are the equilibrium 
concentration (mgL'')of the metal ion on the adsorbent and in the solution 
respectively. 
AG° = -RT InK 
c 
where T is temperature in kelvin and R is the gas constant 
AS° AH° 
log K. = 
2,303R 2.303 RT 
AH° and AS° were obtained from the slope and intercept of Van't 
Hoff Plots of log K^  vs 1/T (Fig. 2.3). Positive values of AH° (Table 2.2) 
suggest the endothermic nature of adsorption. The negative values of 
AG° indicate spontaneous nature of adsorption of Zn(ll) on the adsorbent 
The positive values of AS° show the increased randomness at the solid/ 
solution interface during the adsorption of metal ion on Teak leaves The 
increase in adsorption capacity of Teak leaves at higher temperatures 
may be attributed to the enlargement of pore size or activation of the 
adsorbent surface (Vishwakarma et al; 1989). The values of K^^ are also 
high at all temperatures and increase when temperature is increased 
(Table 2.2) showing endothermic process. 
2.3.4 Adsorption dynamics : 
The rate constant of adsorption is determined from the following first 
order rate expression given by Lagergren (1989). 
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K. 
log (q^-q) = log q^ 
2303 
where q and q^ are amounts of metal adsorbed (mgg'"') at time t 
(minute) and at equilibrium respectively and K^ ^ is the rate constant for 
adsorption (Lmin •) The straight line plots of log (q^-q) vrs t at different 
temperatures (Fig, 2.4) indicate the applicability of the above equation 
values of K^ ^ ^ere calculated from the slope of the linear plots. Table 2 3 
shows that adsorption rate constant increases with increase m 
temperature confirming the endothermic type of adsorption. 
2.3.5 Intraparticle diffusion : 
The rate constant for intraparticle diffusion (k') is calculated by the 
equation of Weber and Morns (1962) 
Where 
K = Rate constant for intraparticle diffusion 
C^  = concentration of metal ion at time t (mgL"'') 
CQ = Initial concentration of metal ions (mgL"'') 
The adsorption of metal ions on any porous material generally involves 
adsorption via intraparticle diffusion besides other processes. The 
occurrence of intraparticle diffusion during adsorption is confirmed by a 
linear plot of C/C^ vrs VA. Fig. 2.5 shows intraparticle diffusion over a 
wide range of contact time but at the same time straight lines do not 
pass through the origin at different temperatures, indicating that 
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intraparticle diffusion is not the only rate limiting factor but other processes 
of adsorption are also involved. 
2.3.6 Effect of pH : 
The effect of pH on the adsorption of Zn(ll) by Teak leaves is 
presented in Fig. 26. The pH of the aqueous solution is an important 
controlling parameter in the adsorption process (Elliot and Huang; 1981). 
At lower pH value the H"" ions compete with metal cation for the 
exchange sites in the system thereby partially releasing the latter. The 
heavy metal cations are completely released under circumstances of 
extreme acidic conditions (Forstner and Wittman, 1981). Fig 2.6 Shows 
that appreciable amounts of Zn(ll) is adsorbed In the pH range 2-6. It 
has been reported that at lower pH, Zn2+ is the predominant species 
present in the solution followed by ZnO"'H and at very high pH, ZnlOH)^"" 
is the predominant species followed by Zn(0H)3~ (Sawyer et al., 1994) It 
can be inferred that removal of Zn(ll) from aqueous solution in the pH 
range 2-6 involves adsorption of Zn"*^ ^ species by teak leaves and not by 
precipitations of Zn(ll) as hydroxide. 
Similar results of pH effect were reported for the adsorption of Zn(ll) 
on flyash (Prabhu et al., 1981). However, below pH 2, the adsorption 
decreases very rapidly 20% at pH-1), this behaviour of adsorption and 
desorption by varyig pH may be utilized for the recovery of Zn(ll) from 
waste water 
2.3.7 Effect of adsorbent doses : 
The adsorption densities (mgg"'') and % adsorptions of Zn(ll) at 
different doses of Teak leaves are shown in Fig. 2.7. The % adsorption 
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increases as the adsorbent dose is increased but adsorption density 
decreases from 234 mgg'' to 48 mgg''' when adsorbent dose is 
increased from 0.2g to 1g. It may be concluded that by increasing the 
adsorbent dose the removal efficiency of Teak leaves increases but 
adsorption density decreases The decrease in the adsorption density 
may be due to the fact that some adsorption sites remain unsaturated 
during the adsorption process whereas the number of available 
adsorption sites increase by increasing the adsorbent doses and that 
results in the increase of removal efficiency (Sharma and Forster, 1993 
Ajmal et a l , 1996). 
2.3.8 Desorption studies : 
The adsorption of Zn(ll) on Teak leaves is highly pH dependent 
hence its desorption is possible by controlling the pH Fig. 2.8 shows the 
desorption trend of Zn(ll) by column operation. Zn (II) is retained in the 
column as long as pH of the solution is maintained at 6. The desorption 
starts when a solution of 0.05 M HCI is passed through the column. It 
is important to note that desorptions of Zn(ll) is rapid and 96% Zn(ll) 
could be eluted in 30 ml of effluent from the column. However the 
desorption is slow and incomplete by batch process. The desorption of 
Zn(ll) from a solution containing SOmgL""* Zn(ll) by batch process vi^s 76% 
2.3.9 Regeneration Studies : 
In order to make the process of adsorption and recovery of Zn (II) 
more economical, it is necessary to regenerate the spent adsorbent. The 
adsorption and desorption of Zn(ll) on Teak leaves by column operation 
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after each regeneration cycle (by 0.05 M HCI ) is shown in Table 2.4. It 
IS interesting to note that adsorption remains maximum (99%) upto 3rci 
regeneration cycle and then goes down to 91.6% in the 5th cycle The 
recovery or desorption of Zn(ll) also remains maximum (86%) upto 3rd 
cycle and then decreases to 60% in the 5th cycle of regeneration This 
behaviour indicates that the adsorbent can be used successfully three 
times after regeneration for the removal and recovery of Zn(ll) from waste 
water, 
2.3.10 Recovery of Zn(ll) from electroplating waste water : 
Teak leaves as an adsorbent was utilized for the removal and 
recovery of Zn(ll) from electroplating waste water by column operation. The 
electroplating waste water collected from one of the electroplating 
Industnes in Aligarh (India) was analysed in our laboratory and the results 
are shown in Table 25 The removal of Zn(ll) was 93.02% when 50 ml of 
the waste treated with 10 g of adsorbent. The adsorbed Zn (II) was then 
recovered (95.3%) with 0.05 M HCI. These results are shown in Table 2.6). 
2.4 CONCLUSION 
It can be concluded that Teak leaves are excellent adsorbent for 
Zn(ll), Ni(ir) and Cd(ll) removal from aqueous solution. 100% removal of 
Zn(l l) is observed at 20 mgL"'' initial Zn(ll) concentration The 
thermodynamic parameters indicate that process is endothermic and 
sponteneous The adsorption of Zn(li) is pH dependent. Maximum 
adsorption occurs at pH 6 and decrease with the decrease in pH This 
behaviour has been utilized for the recovery of Zn(ll) from waste water 
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96% Zndl ) can be recovered using 0.05 HCI solution by column 
operation The desorption is rapid and maximum amount of Zn(ll) can be 
desorbed in small volume of effluents (30 ml). The regeneration of the 
adsorbent makes the process more economical. The practical utility of 
the process has been demonstrated by showing the removal and recovery 
of Zn(ll) (95.3%) from electroplating waste water contains Zn(ll) Cu(ll i. 
Ni(ll) and CrfVD ions. 
Another important and significant feature of this study is that Cu(lli. 
Nl(ll) and Zn(ll) show maximum adsorption while adsorption of CnVI) is 
least under similar conditions. 
The electroplating waste water contains appreciable amount of Cr(\/I) 
along with small quantities of Cu, Ni and Zn. Thus the asorbent can be 
used for the purification of Cr(\/I) solution by removing Cu, Ni and Zn 
without adjusting the pH. The electroplating waste water containing only 
Cr(\/I) can be reused in electroplating bath or may be concentrated by 
some other methods. However to achieve this a detailed study on the 
adsorption of Cu. Ni and Cr(VI) has to be carried out on the present 
adsorbent 
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Table 2.1. Adsorption of different metal on Teak leaves 
Metal Initial cone. Amount adsorbed % adsorption 
(mgL^) (mgL^) 
Cr(VI) 50 22 44 
Ni (II) 50 43.8 87.6 
Zn(ll) 50 48 96 
Cd(ll) 50 46.5 93 
Table 2.2. Thermodynamic parameters 
Temp K^ AG° AH° AS° 
(°C) (KJmol-i) (KJmol-^) (KJmol-^K-^) 
30 5 25 -4.156 
40 9 0 -5.698 39,251 0.142 
50 24 -8.512 
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Table 2.3: Rate constant at d i f ferent temperatures 
T^Tffp Lagergren rate cons t . 
(°C) K^, (Lmin-^) 
30 0.806 X 10-2 
40 0.829 X 10-' 
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Table 2.5: Analys is of e lect roplat ing waste water 









































































c j a 
o = o 
c ^ « 
C c 0) 



















=3 C IS 
^ •*- * : -D 




3 C ^ 
O N O 
5 •*. 0) 










































0 25 0 5 1 2 
Time (hrs) 




50 100 150 
Cone, (mgs/l) 
Fig.2.2. Effect of concentration 
1 4 9 
O 
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 
irr 













• 3 0 0 C 














Fig.2 6 Effect of pH on the adsorption of Zn(ll) 













02 0.4 0.6 0.8 
Adsorbent doses (gms) 

























0 10 20 
Volume of effluent (ml) 




Ajmal M.. Mohammad A , Fatima N and khan A H : Microchem. J 
1989. 39, 361-371. 
Ajmal M, Sulaiman A.M and Khan A.H., Water Air Soil Pollut. 1993 
68, 485-492 
Ajmal M., Rao R A K and Siddiqui B.A.; Environ. Monit. Assess 
1995, 38. 25-35. 
Ajmal M., Rao R.A K and Siddiqui B.A.; Water Res. 1996, 30, 1478-1482 
Alan J Rubin (Ed ); Aqueous Environmental chemsitry of metal, p 
92 1976 
Barry, T. Hart "A compilation of Australian Water Quality Criteria" 
Barry T Hart Austral ian Water Resources Council 
Canberra Technical paper No. 7, 1974. 
Bhandari, L.M Charateristics of Zinc smelting industrial waste and 
simultaneous removal of toxic elements and phosphates from it 
Ind. J. Environ. HIth 1973, 15-236 
Catena G.C and Bright F.V; Thermodynamic study on the effect of p-
Cyclodixtrin inclusion with anilinonaphthalene sulfonates. Analyt. 
Chem 1989. 61. 905-909. 
C N. Sawyer, PL Mc Carty G.F., Parkin, "Chemistry for Environmental 
Engineering IV Edition 1994 McGraw-Hill. 
D C Sharma and C F Forster et al: Water Res. 1993, Vol. 27 No 7 
pp 1201-1208 
153 
Earley. B B "Minor element s tud ies wi th soyabeans. 1, var ie ta l 
reactions to concentration of Zinc in excess of the nutritional 
requirements", J. Agronomy. 1943. 35, 1012. 
Elhot H.A. and Huang C.P.; Water Res 1981, 15, 849. 
Forstner. U ; G T W , Wit tman (Eds.) : "Metal pol lut ion in aquat ic 
environment" Spinger-Verlag, New York. p. 331. 1979 
Forstner U and Wittman GTV\/.; Metal Pollution in Aquatic Environment 
Springer Verlag Berlin-Heidelberg, New York, 1981, 211 pp 
Funke. J.W : "Potential reuse on pur i f ied sewage" Water S-A 1, 
1975, 36, 
Fra j i L.K., Hayer D M . and W e r n e r T.C.; S ta t ic and dynam ic 
fluorescence quenching experiments for the physical chemistry 
laboratory J. chem. Edu. 1992. 69, 205-215. 
Gangoli, N and G. Thodas: "Phosphate adsorption studies". J. Water 
Pollut. Control Fed. 1973, 45, 842 
Indian Standards Institution "Tolerence limits for industrial effluents 
discharged into inland surface water" Is; 2490 Part-I, 1974. 
Jackson, S. and V Brown: "Effect of Toxic wastes on t reatment 
p rocesses and water courses ' Water Pol lut ion Cont ro l 
(London) 1970. p 292, 
Lagergren 8 and Svenska B K; Ventempskapaka Handl 1898 
Vol. 24. 
154 
Netzar. A and P.Wilkmson, : "Removal of heavy metals from 
wastewater by adsorption on sand". Proc. 29th Ind. Waste 
Conf: Purdue Univ Engg. Bull., Engg. Extn., Son 1974. 145, 841. 
Nilsson R "Removal of metals by chemical treatment of municipal 
waste water", Water Res 1971, 5, 51. 
P.V S Prabhu, M S . Narayana Swamy and T.S.S. Narasa Raju: 
"Adsorption of Zinc from Aqueous solution by Flyash." lAWPC, 
Annual VIM 46-52 1981 
Sastry, G.A. and G.K Khare: "Studies on the recovery of Zinc from 
Viscose Rayon wastes" Indian J. of Environ. Health. 1971, 13, 199 
Schroeder, H A , A.P. Nason, I.H. Tipton, and J.J. Balassa: "Esssential 
Trace elements in Man. Zinc Relation to environemntal 
cadmium" J. Chronic Dis. 1967, 20, 179. 
Singh, A.K; Singh, DP.; Pandey, K.K.; Singh, V.N.; J. Chem. Technol, 
Biotechnol, 1988, 42(1), 39^9. 
Sigworth, E A. and S.P Smith: "Adsorption of inorganic compounds by 
activated carbon" J. Amer. Water Wks. Assoc. 1972, 64, 386. 
Vishvakarma PP., Yadava K.P. and Singh V.N.; "Nickel (II) removal 
from aqueous solution by adsorption on fly ash". Pertanika, 
1989, 12. 357-366 
Weber W J and Morris C J ; Proc. First Int. Cof. Wat. Poll. Res 
1962. 2, 231, (1962). 

CHAPTER 3 
ADSORPTION STUDIES ON CITRUS RETICULATA (FRUIT PEEL 
OF ORANGE): REMOVAL AND RECOVERY OF Ni(ll) FROM 
ELECTROPLATING WASTEWATER 
3.1 INTRODUCTION 
Industrial, agricultural and domestic waste pollute the water 
bodies with heavy metals, which reach tissues through the food chain The 
toxicity of heavy metals to aquatic organisms has been a subject of 
interest to biologist for many years. Adsorption of trace metals onto natural 
particulate matter can play an important role in determining trace metal 
speciation in many aquatic systems (Laxen, 1983a; Jenne, 1977: 
Florence, 1982, Oakley et al., 1981). Among different types of pollution 
the industrial waste constitutes the major source of various kinds of metal 
pollution in natural water (Harnson, et al., 1980). The important toxic metal 
i.e. Cd, Zn, Cr, Pb and Cu finds its way to the water bodies through 
wastewater from such industries as metal plating industries of cadmium, 
nickel batteries, pigment, stabilizers alloys (Low et al., 1991). 
Nickel is used in plating plants and is present in their wastewater 
(Klein et al., 1974). About 40% of the nickel produced is used in steel 
factories, Ni batteries and in the production of some alloys (Friberg et al., 
1980). Production of dermatitis in some workers engaged in 
electroplating, polishing, paints and pigments may be attributed to nickel 
poisoning 
The conventional methods for heavy metal removal from 
wastewater includes reduction, precipitation, ion exchange, reaction with 
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silica electrochemical reduction, evaporation, reverse osmosis and direct 
precipitation Most of these methods are high capital cost with recurring 
expenses Vi'hich are not suitable for small-scale industries. Studies on 
treatment of effluents bearing heavy metals have revealed adsorption to 
be a highly effective, cheap and easy method among the physico-chemical 
treatment processes 
Owing to the high cost and difficult procurement of activated 
carbon, efforts are being directed towards finding efficient and low cost 
materials. Polymerized onion skin with formaldehyde(Kumar et al., 1981), 
waste wool (Friedman et al., 1973; Friedman et al., 1972; Nasri et al., 
1973) peanut skin (Randall et al., 1975; Randall et al., 1978), modified 
barks (Randall et al , 1974; Randall et al., 1976), barks (Kumar et al., 
1980), barley straw (Larsen et al., 1981) have been studied. Removal of 
nickel by adsorption using solid residue form olive mill products 
(Gharaibeh et al., 1998), mangifera indica seed shell (Ajmal et al., 1998), 
humic acid type purifying agents (Guangju, et al., 1986), coal based 
adsorbents (Singh et al., 1992), burned clay and root (Donali et al., 1992), 
furnace gas cleaning sludge (Jallan et a!., 1992), hydrous oxides of iron(ll) 
(Kanungo, 1994) have been reported. 
It is possible to process the solid residue of orange fruit peel 
and convert it to an adsorbent that has a large surface area and thus great 
potential to adsorb harmful contaminants, such as heavy metals from 
aqueous solutions and industrial waste at relatively low cost compared 
with other available adsorbents 
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3.2 MATERIAL AND METHODS 
3.2.1 Adsorbent : 
Sieved fruit peel of Citrus reticulata (orange fruit) was used for 
the removal of Ni(ll) from aqueous solution. The fruit peels were dried 
crushed and washed thoroughly with double distilled water to clear the 
adhering dirt and finally dried in an air oven at 100-105°C for 24 h. After 
drying the adsorbent was sieved through 150-mesh size and used as 
such. 
3.2.2 Adsorbate Solution : 
Stock solution of Ni(ll) was prepared (1000 mgL"'') by dissolving 
desired quantity of Nickel nitrate (AR Grade) in distilled water. Solution of 
other metal ions were prepared (1000 mgL''') by dissolving their chlorides 
or nitrates. 
3.2.3 Adsorption Studies : 
Adsorption studies were carried out by batch process. A 0 5 g of 
adsorbent was placed in a conical flask in which 50ml solution of metal 
ion of desired concentration was added and mixture was shaken in shaker. 
The mixture was then filtered and final concentration of metal ion was 
determined in the filtrate by atomic absorption spectrophotometer (model 
GBC 902). The amount of metal ions adsorbed was calculated by 
subtracting final concentration from initial concentration. 
3.2.4 Effect of pH : 
The effect of pH on the adsorption of Ni (II) was studied as 
described in chapter 2. 
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3.2.5 Desorption of Ni(ll) : 
The desorption studies were carried out by batch as well as by 
column process under similar conditions. 50 ml of the sample containing 
lOmgL'^ Ni(ll) was treated with 1g of adsorbent. The pH of the solution 
was adjusted to 6 and was left in contact with adsorbent for 24h The 
solution was then filtered and filtrate was analyzed for Ni(ll). The adsorbent 
was then transferred to another conical flask and treated with 50ml of 0 05 
HCI solution It was again filtered and desorbed Ni(ll) was determined in 
the filtrate The column studies were conducted using Ig of orange fruit 
peel in a glass column (0.6 cm in diameter) with a glass wool support The 
adsorbent was washed with distilled water and 50 ml solution containing 
0.5 mg of Ni(ll) (pH 6) was passed through the column. The Ni(ll) adsorbed 
was then eluted with 0.05 M HCI solution with a flow rate of 1 ml mm ^ 
Ni(ll) eluted was collected in 10 ml fractions and then determined by 
atomic absorption spectrophotometer. 
3.2.6 Regeneration Studies : 
A 0.5 g of adsorbent was treated with 50 ml Ni(ll) solution (50 
mgL'"') in a conical flask and after equilibrium time it was filtered The 
adsorbent was then treated with 50 ml HCI solution (0.05 M) for 24h. It 
was filtered and filtrate was analysed for Ni(ll) desorbed. The adsorbent 
was washed several times with distilled water in order to remove excess 
acid. It was again treated with 50 ml Ni(ll) solution and the above 
procedure was repeated a number of times (5 times or cycle) 
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3.2.7 Recovery of Ni(ll) from electroplating wastewater : 
The removal and recovery of Ni(ll) from electroplating wastewater 
was carried out by batch as well as by column operations. 50 ml of the 
waste containing 10 mgL^ ^ Ni(ll) was taken In a conical flask and its pH 
was adjusted to 6 and then treated with 1 g of adsorbent The removal and 
recovery of Ni(ll) was carried out as described above. In another 
experiment 50 ml of the waste was taken in a beaker and its pH was 
adjusted to 6. It was then passed through the column containing 1 g of 
adsorbent and the removal and recovery of Ni(ll) was carried out as 
described above 
3.3 RESULT & DISCUSSION 
The % adsorption behaviour of different metal ions on orange 
fruit peel shows that the adsorption of Ni(ll) is maximum (97.5%) while 
Cr(\/I) adsorbed least (30%) Fig. 3.2. The % adsorption follows the order 
Ni(ll) > Cu(ll) > Pb(ll) > Zn(ll) > Cr(VI). 
3.3.1 Effect of Contact Time ; 
The adsorption increases with increasing contact time. The Ni(ll) 
uptake vs time curve at different temperatures (Fig. 3.1) shows that 
initially (at 15 minutes contact time) the adsorption of Ni(ll) is low at 30°C 
and increases as the temperature is increased to 50°C However when 
contact time is increased at 30°C, the adsorption also increases and 
equilibrium is attained after 2h. Maximum uptake of Ni(ll) occurs at 50°C 
but equilibrium time remains the same (2h). The metal uptake vs. time 
curves at different temperature are single, smooth and continuous leading 
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to saturation suggesting possible monolayer coverage of metal ions on 
the surface of the adsorbent 
3.3.2 Effect of Concentration : 
The effect of concentration on the adsorption behaviour of metal 
ions is shown in Fig 3.2. It can be concluded that maximum adsorption of 
Ni(ll), Cu(ir), Zn(l l) and Pb(ll) occurs at 40 mgL"'' initial concentration 
whereas the adsorption of Cr(\/I) remains minimum over a wide range of 
concentration (20-100 mgL ''). However at lower concentration (20 mgL '') 
the adsorption follows the order : 
Ni(ll) > Pb(ll) > Zn(ll) > Cu(ll) > Cr(VI) 
and at higher concentration (100 mgL"'') the adsorption behaviour follows 
the order 
Ni(ll) > Cu(ll) > Pb(ll) > Zn(ll) > Cr(VI) 
showing that % adsorption of Ni(ll) remains maximum over a wide range of 
initial concentration while adsorption of Cr(Vi) is least under similar 
conditions 
3.3.3 Effect of temperature on metal adsorpt ion : 
The temperature range used in this study was from 30 to 50°C. 
Adsorption increases with increase in temperature. Thermodynamic 
parameters such as standard free energy change (AG°), enthalpy change 
(AH°) and entropy change (AS°) were calculated using the fol lowing 
equations (Singh et al.. 1988: Catena et al.. 1989: Fraji, et al. 1992). 
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where K^ is the equilibrium constant 
C^^ and Cg are the equilibrium concentration (mgL"'') of the metal ion on 
the adsobent and in the solution respectively, AG° was calculated from the 
relation 
AG° ^ - RT in K^ , 
where T is temperature in Kelvin and R is gas constant. AH^ was 
calculated from the following equation 
AS° AH° 
logK = 
2 303R 2.303RT 
AH° and AS° were obtained from the slope and intercept of Van't Hoff 
plots of log K^ vs. 1/T (Fig. 3.3). Positive values of AH° (Table 3 1) 
suggest the endothermic nature of adsorption. The negative values of AG° 
indicate spontaneous nature of adsorption of Ni(ll) on the adsorbent. The 
positive value of AS° show the increased randomness at the solid/solution 
interface during the adsorption of metal ion on fruit peel of orange. The 
increase in adsorption capacity of fruit peel of orange at higher 
temperature may be attributed to the enlargement of pore size or 
activation of the adsorbent surface (Viswakarma et aL 1989) The values 
of K^ are also high at all temperature and increase with rise in 
temperature (Table 3,1 t showing endothermic process. 
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3.3.4 Adsorption Isotherms : 
The adsorption data has been analysed in the light of Langmuir 
and Freundlich adsorption models. The Langmuir equation may be 
described as 
1 1 1 1 
x/m G^b C 
e 
where x/m is metal uptake per unit weight of adsorbent, C^ is the 
equilibrium concentration of metal (mgL"''), 9° and b are Langmuir 
constants relating to adsorption capacity and adsorption energy 
respectively The Langmuir isotherm is valid for monolayer adsorption onto 
the surface of the adsorbent containing a finite number of identical sites 
The plot of 1/x/m against l/C^ gives straight line (Fig. 3.4) at each 
temperature showing the applicability of Langmuir isotherm. The 
adsorption capacity (0°) for the uptake of Ni(ll) increases from 80 mg g'^  to 
158 mg g' ' by increasing temperature from 30 to 50°C showing the 
process to be endothermic. The essential features of the Langmuir 
isotherm can be expressed in terms of a dimensionless constant 




where CQ IS the initial metal ion concentration (mgL"'') and b is the 
Langmuir constant The R, values at 30, 40 and 50°C are found to be 
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0 057, 0.0542 and 0 0848 respectively showing favourable adsorption of 
Ni(ll) (Namasivayam et al 1995, Roots et al,, 1978), 
The Freundlich adsorption isotherm was also applied for the 
adsorption of Ni(ll) 
X 1 
In — =: In K, + — In C^ 
m n 
where C is the equilibrium concentration (mgL'''), X/m is the amount 
adsorbed per unit weight of adsorbent (mgL"''), Kf and n are Freundlich 
constants. The linear plot of ln(x/m) vs. In C^ at each temperature indicates 
that adsorption of Ni(ll) also follows Freundlich isotherm (Fig. 3.5). 
The values of Langmuir and Freundlich constants at different 
temperatures are shown in Table 3.2. The increase in K^  values with rise in 
temperature also confirms that the process is endothermic (Table 3 2). 
3.3.5 Adsorption Dynamics : 
The rate constant of adsorption is determined from the following 
first order rate expression given by equation (Lagergren et al., 1898). 
log(qe-q) = log q^ x t 
2.303 
Where q and q^ are amounts of metal adsorbed (mg g"'') at time, t (min.) 
and at equilibrium respectively and K^^  is the rate constant for adsorption 
(Lmin-''), The straight line plots of log (q^-q) vs. t at different temperatures 
(Fig 3.6) indicate the applicability of the above equation. Values of K^^  
were calculated from the slope of the linear plots. Table 3.3 shows the 
adsorption rate constant is not affected with increase in temperature 
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3.3.6 Intraparticle Diffusion : 
The rate constant for Intraparticle diffusion (K') is calculated by 
the equation (Weber et al., 1962). 
q = K' t^ '^  
Where q is the amount adsorbed (mg g"'') at time, t(min) Plots of q vs. 
t'''^ are shown in Fig. 3.7 for different temperatures. K' values were 
obtained from the slope of the linear portion of the curves for each 
temperature (Table 3 3). K' values increase when temperature is increased 
from 30° to 50°C 
3.3.7 Effect of pH : 
The effect of pH on the adsorption of Ni(ll) by fruit peel orange is 
presented in (Fig 3.8) The pH of the aqueous solution is important 
controlling parameters in the adsorption process (Elliot et al,, 1981!. At 
lower pH value the H"" ions compete with metal cation for the exchange 
sites in the system thereby partially releasing the later. The heavy metal 
cations are completely released under circumstances of extreme acidic 
conditions (Forstner et al., 1981; Sharma et al., 1993; Ajmal et al., 1996, 
1998). The % adsorption is minimum (40%) at pH 2 and increase as the 
pH is increased The maximum adsorption occurs at pH 6 (97.5%) but 
adsorption decreases when pH is increased further. The minimum 
adsorption at low pH (pH 2) may be due to the fact that high concentration 
and high mobility of H" ions, the hydrogen ions are preferentially adsorbed 
compared to Ni(ll) ions 
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3.3.8 Desorption Studies : 
The adsorption of Ni(ll) on fruit peel of orange is highly pH 
dependent hence its desorption is possible by controlling the pH Fig 3.9 
shows the desorption trend of Ni(ll) by column operation. Ni(ll) is retained 
in the column as long as pH of the solution Is maintained at 6. The 
desorption starts when a solution of 0.05 M HCl Is passed through the 
column It IS important to note that desorption of Ni(ll) is rapid and 95 83% 
Ni(ll) could be eluted in 30 ml of effluent from the column. However, the 
desorption is slow and incomplete by batch process. The desorption of 
Ni(ll) from a solution containing 50 mgL"'' Ni(il) by batch process was 76% 
(Table 3.4). 
3.3.9 Regeneration Studies : 
In order to make the process of adsorption and recovery of Ni(ll) 
more economical, it is necessary to regenerate the spent adsorbent. The 
adsorption and desorption of Ni(ll) on fruit peel of orange by column 
operation after each regeneration cycle (by 0.05 M HCl) is shown in Table 
3.4. It is interesting to note that adsorption remains maximum (98%) upto 
the 3rd regeneration cycle and then goes down to 95% in the 4th cycle. 
The recovery or desorption of Ni(li) also remains maximum (90%) upto the 
3rd cycle and decreases to 70% in the 4th cycle of regeneration. This 
behaviour indicates that the adsorbent can be used successfully 4 times 
after regeneration for the removal and recovery of Ni(ll) from wastewater 
3.3.10 Recovery of Ni(ll) from Electroplating Wastewater : 
Fruit peel of orange as an adsorbent was utilized for the removal 
and recovery of N,(ll) from electroplating wastewater by column operation 
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The electroplating wastewater collected from one of the electroplating 
industries in Aligarh (India) was analyzed in our laboratory and the results 
are shown in Table 3.5. The adsorbed Ni(ll) was recovered (93.33%) with 
0.05M HCl. These results are shown in Table 3.6. 
3.4 CONCLUSION 
The fruit peel of orange (Citrus reticulata) is a low cost adsorbent 
which is abundantly available in India as waste material. It can be used as 
an effective adsorbent for the removal and recovery of Ni(ll) from waste 
water. The adsorption of Ni(ll) is pH dependent and maximum removal 
occurs at pH 6. The adsorption follows first order Kinetics. The process is 
endothermic and follows Langmuir and Freundlich isotherm. The adsorbed 
Ni(ll) can be recovered using 0.05 M HCl solution. However, the recovery 
of Ni(ll) by column operation is higher (95.8%) as compared to batch 
process (76%) The spent adsorbent can be regenerated and reused 
making the adsorption process more economical. 
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Table 3.5 Analysis of electroplating wastewater 
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CHAPTER 4 
REMOVAL AND RECOVERY OF Cd{ll) FROM AQUEOUS 
SOLUTION BY (TECTONA GRANDIS) TEAK LEAVES 
4.1 INTRODUCTION 
Currently more than 50% of the nation's population relies on 
ground water sources that are in potential danger of contamination 
(Venkata Ramani et al , 1984) There has been increasing concern over 
dangerous levels of heavy metals contaminating the aquatic environment 
and sources of potable water because of their known accumulation in the 
food chain and their persistence in nature when they are discharged in 
small quantities by numerous industrial activities. Cadmium is very toxic 
element that causes high blood pressure, kidney damage and destruction 
of blood cells in human even in small doses (Manahan, 1991). 
A small part of Cd annual production of around 18,000 tons per 
year (Porteous, 1992) ends up in the environment through industrial 
discharge. Toxic heavy metal ions are also frequently found in landfill 
leachates, in which the most prevalent ones are Cadmium, Copper, Lead 
and Mercury, (Barker et al. 1986). Various technologies are employed for 
removal of toxic ions from water, which include chemical precipitation. 
reverse osmosis, ions floatation, evaporation, ion exchange and 
adsorption (Rawat and Singh, 1992). Sorption technology based on ion 
exchange processes through physical and chemical sorption has been 
found increasing applications in various fields during the past few year 
The use of sorption process for the removal of heavy metals from 
wastewater is especially promising. The preparation of low cost adsorbent 
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for water purification and waste water treatment has recently been 
received (Pollard et al, 1992) attention for example alginic acid has 
shown to be effective for removal of many cationic metal from solution 
including Cu2^ Z^2^ Cd2^ and N|2^ (Jellinck and Sangal, 1972) 
Biosorption of Cadmium(ll) by algal biomass (Chu et. al.. 1997) and dead 
biomass from aqueous solution has been studied (Matis et al., 1997) 
Some small scale cultivation tests (50 L) with Cd-resistant cell of chlorella 
vulgaris have been able to remove - 40% Cd L"^  solution within 7 days 
(Sandau. et. al , 1996). Adsorption of Cd(ll) and Pb (II) on agricultural 
byproducts (Jahagirdar et al., 1997) and the use of f ibrous sorbent 
showed a fairly high effectiveness in removing Cr, Cd, Zn, and Cu ions 
from electroplating wastewater, (Burinski, 1996). Cadmium biosorptions 
by pseudomonas putida entrapped in gel beads of sugar beat pectin has 
also been carried out (Harel, et. al.. 1997). The behaviour of some 
adsorbents like shea gel pyrolusite, Fe(lll) hydroxide and saw dust for the 
removal and recovery of Pb^^, Cr^"", Ni^"", Cu^"" and Mg^"" from river and 
industrial waste water have been studied in our laboratory (Ajmal et. al; 
1989, 1993, 1995, 1996). The study of the feasibility of Cd(ll) removal by 
teak leaves an unconventional natural adsorbent is presented in this 
chapter. 
Much attention has been paid to optimise the effective abatement 
condition in a cost-effective manner to remove the cadmium from 
wastewater for their safe disposal. Teak leaves, one of the cheapest and 
most abundantly available adsorbent has been tned for the uptake of 
cadmium(ll) from aqueous solutions. The effect of retention time, pH, 
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temperature, concentration, dose, particle size on the removal of 
Caclmium(ll) by Teak leaves have been investigated. The adsorption 
isotherm and the probable mechanism have been explained The 
appropriate thermodynamic parameter viz. InK, AG, AS and AH have also 
been calculated and described. 
4.2 MATERIAL AND METHODS 
4.2.1 Adsorbent : 
The grinded leaves of Tectona grandis (Teak leaves) were used 
as an adsorbent for the removal of Cadmium(ll) from aqueous solutions. 
The grinded leaves were washed to clean the adhering dirt, rinsed 
thoroughly with doubled distilled water and finally heated in an air oven at 
40°C for 24 h. After drying, the adsorbent was sieved through 100-150 
mesh size and used as such. 
4.2.2 Adsorbate Solution : 
The stock solution of Cd(ll) was prepared (1000 mgL'') by 
dissolving Cd(N03)2 in double distilled water. All other reagents were of 
analytical grade. 
4.2.3 Batch Adsorption Studies : 
Batch adsorption experiments were carried out by shaking 0.5 g 
of the grinded Teak leaves with 50 ml aqueous solution of Cadmium(ll) of 
desired concentration at various pH (1-12) and at temperatures 
(200-40°C) m different stoppered bottles for different times using a 
temperature controlled shaker. At the end of the predetermined time 
interval the adsorbent was removed by filtration and the equilibrium 
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concentration was estimated with atomic absorption spectrophotometer 
(model GBC 902) using oxyacetylene flame. Blanks were also prepared to 
find out the adsorption on the internal surface of bottles if any. 
4.2.4Effect of pH : 
The effect of pH on the adsorption of Cd(ll) was studied as follows 
100 ml Cd(ll) solution was taken in a beaker. The pH of solution was adjusted 
by adding dilute solution of HCI or NaOH. The concentration of Cd(ll) in this 
solution was then determined (initial concentration). 50 ml of this solution 
was taken in a conical flask and treated with 0.5 g of adsorbent and after 
equilibrium the final concentration of Cd(ll) was determined. 
4.2.5 Adsorption Model : 
To quantify the adsorption capacity of Teak leaves for the removal 
of Cd(ll) from water, the Langmuir and Freundlich models were used 
4.2.5.1 Langmuir Model : 
Largmuir (1918) proposed the following model. 
1 1 1 1 
x/m e°.b C e ° 
e 
where, C^ is the equilibrium concentration and x/m is the amount 
adsorbed per specified amount of adsorbent (mg g-""). 9 ° and b are 
constants related to adsorption capacity and energy of adsorption 
respectively 
4.2.5.2 Freundlich Model : 
According to this model (Freundlich 1907) 
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X 1 
log — = log K^  + — log C^ 
m n 
where all the terms have the usual significance and n is an empirical 
constant. Thus a plot of log x/m vs log C^ , should be a straight line with a 
slope 1/n and intercept log K^ . This model deals with the multilayer 
adsorption of a substance on the adsorbent. The points in Fig. 4.5 and 4.6 
indicate the observed data and the line corresponds to the fitted data. A 
computer simulation technique has been applied to fit the freundlich and 
Langmuir equations for the adsorption data. The coefficient of least 
square fitting to a straight-line (R^) were computed for these two models. 
The rate constant of adsorption and pore diffusion were 
determined at 20°C by using equation of Lagergren (1898) and Weber 
and Morris (1962). 
4.2.6. Desorption of Cd(ll) : 
The desorption studies were carried out by batch as well as by 
column process under similar conditions. 50 ml of the sample containing 
10 mgL'' Cd(ll) was treated with 1 gm of adsorbent. The pH of the solution 
was adjusted to 6. It was left in contact with adsorbent for 24 h. The 
solution was then filtered and the filtrate was analysed for Cd(ll). The 
adsorbent was then transferred to another conical flask and treated with 
50 ml Of 0.05 M HCI solution. It was again filtered and desorbed Cd(ll) 
determined in the filtrate Column studies were conducted using 1 g of 
Teak leaves packed in glass column (0.6 cm id) with a glass wool support. 
The adsorbent was washed with distilled water and then 50 ml solution 
containing 0.5 mg of Cd(ll) (pH 7) was passed through the column The 
Cd(ll) adsorbed was then eluted with 0.05 M HCI solution with a flow rate 
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of 1 ml min''' throughout the elution process. Cd(ll) eluted was collected in 
10 ml fractions and then determined by atomic adsorption. 
4.3 RESULTS AND DISCUSSION 
4.3.1 Effect of Concentration : 
Fig. 4.1 shows that when concentration of Cd(ll) is increased the 
adsorption of Cd(ll) also increases but at the same time % adsorption 
decreases. The maximum adsorption (93%) is observed at 20 mgL"'' initial 
Cd(ll) concentration (Fig. 4.1) and decreases to only 8 1 % when initial 
Cd(ll) concentration is increased to 100 mgL"''. 
4.3.2 Effect of Contact Time : 
The dependence of adsorption of Cadmium(ll) with time is 
presented in Fig. 4.2. The adsorption increases with increasing contact 
time and the equilibrium is attained after shaking for 2 h. Therefore in 
each experiments the shaking time was set to 2 h. The Cd(ll) uptake vs 
time curve is smooth and continuous leading to saturation and indicates 
the possibility of mono layer coverage of Cd(ll) ions on adsorbent surface. 
A similar behaviour was observed by Namasivayam, et al., (1995) on 
adsorption of Cd(ll) by Fe(lll) hydroxides. 
4.3.3 Effect of temperature on metal adsorption : 
The temperature range used in this study was from 30 to 
50°C Adsorption increases with increase in temperature. 
Thermodynamic parameters such as free energy change (AG°), 
enthalpy change (AH°) and entropy change (AS°) were calculated 
using the following equations (Singh et al; 1988, Catena and Bright, 
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1989, Fraj i et a l ; 1992) 
where K^ is equi l ib r ium constant . C^^ and C^ are the equ i l i b r ium 
concent ra t ion (mgL'^)of the metal ion on the adsorbent and in the 
solut ion respectively 
AG° = -RT InK 
c 
where T is temperature in ke lv in and R is the gas cons tan t 
AS° AH° 
log K = 
2 303R 2.303 RT 
AH° and AS° were ob ta ined f rom the s lope and In tercept of 
Van't Hoff Plots of log K^ vs 1/T (Fig. 4.3). Pos i t ive va lues of AH° 
(Table 4.1) suggest the endo thermic nature of adso rp t i on The 
negat ive values of AG° indicate spontaneous nature of adsorp t ion of 
Cd( l l ) on the adsorbent . The pos i t i ve va lues of AS° show the 
inc reased randomness at the so l id /so lu t ion in ter face dur ing the 
adsorp t ion of metal ion on Teak leaves. The increase in adsorp t ion 
capac i ty of Teak leaves at higher temperatures may be a t t r ibu ted to 
the en largement of pore size or ac t iva t ion of the adsorben t sur face 
(V ishwakarma et a l ; 1989). The va lues of K^ are a lso high at all 
temperatures and increase when tempera ture is inc reased (Table 
4.1) showing endothermic process 
4.3.4 Effect of pH : 
Fig 4 4 shows that adsorption of Cd(ll) on Teak leave increases 
when pH of the system is increased from 3 to 8 but after that adsorption is 
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slightly increased It has been reported by various authors that the 
adsorption of metal ions depend upon the nature of adsorption and 
distribution of metal species in the system which in turn depend upon the 
pH of the system The primary metal ion species present in the pH range 
2-8 are Cd2^ and CdOH" (Elliot et al, 1982), The negligible adsorption at 
pH 2 occurs because protons complete with the metal ions for the 
sorption site on the adsorbent. Namasivayam. 1995 has reported 
precipitation curve at different pH values in the absence of adsorbent and 
It has been found that precipitation start at pH 8.2 but only 6-10% Cd(ll) is 
removed by precipitation in the pH range 8-8.5. 
It can be concluded that maximum adsorption of Cd(ll) in the form 
of Cd^* and or CdOH+ occurs in the pH range 3-8. When pH is increased 
further (8-8.5) adsorption process still dominates over precipitation since 
removal of Cd(ll) by adsorption is much greater than precipitation The 
negligible adsorption at pH(2) is important since this property cab be 
utilized for the recovery (desorption) of Cd(ll) from Waste water. 
4.3.5 Adsorption Isotherms : 
The adsorption data are described by Langmuir and Freuindlich 
isotherm (Fig 4.5 and 4 6). The Langmuir isotherm in valid for monolayer 
adsorption onto the surface containing a finite number of identical sites. 
The plot of 1/x/m vs l/C^ is linear showing the applicability of Langmuir 
isotherms The values of regression coefficients, R^ at 20, 30 and 40'^C 
are 0 9995, 0.9992 and 0.9987 respectively. 
The adsorption of Cd(ll) also follows Freundlich isotherm (Fig 
4,6 i The values of Freundlich constants (K^) is also very high and 
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increases with the increase m temperature indicating that Cd(ll) ions are 
strongly adsorbed and adsorption increases with the increase in 
temperature 
4.3.6 Adsorption dynamics : 
The rate constant of adsorption and pore diffusion were 
determine at 20°C using equation of Lagergren (1898) and were and 
Morris (1962) respectively , 
Kad 
log (q^-q) = log q^ . t 
2.303 
Where q^ - amount of Cd(ll) adsorbed at equilibrium (mgg''') 
q = amount of Cd(ll) adsorbed at time t (mgg'') 
Kg^  = rate constant of adsorption (Lmin"'') 
t = time (min) 
C,/Co = K'. t'/' 
Cj = Concentration of Cd(ll) at time t (mgL"'') 
C^ = Initial concentration of Cd(ll) (mgL""*). 
K' = Rate constant of pore diffusion 
A linear plot of log (q^ - q) vs t (Fig. 4.7) suggests the applicability 
of Lagergren equation The rate constant of adsorption is summarized in 
Table 4.3 
The plot of C/Cg vs t^ '-^  (Fig. 4.8) though linear over a wide range 
of contact provide but does not pass through the origin, indicating that the 
pore diffusion is not the only rate controlling step (Roots et. al., 1978). K' 
values at different temperature is given in Table 4.3. 
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4.3.7 Effect o f Adsorbent dose : 
The effect of adsorbent dose on the adsorption properties ot Teak 
leaves has been studied at pH 6 at a fixed initial Cd (II) concentration (5 
mgL' ' ) at different temperatures. Fig 4.9 shows that % adsorption 
increases with temperature when adsorbent dose is increased. 
The effect of temperature is more pronounced at lower value of 
adsorbent doses and becomes insignificant when adsorbent does is 
increased beyond 0.6 gms. 
4.3.8 Effect of particle size : 
The studies were also carried out by using grinded Teak leaves of 
different particle sizes. It is evident from the results summarized in Table 
4.4 that the adsorption of Cd(ll) decreases with increase in particle size 
and peak value was observed by the finest particle (150 f.i), probably 
because of the larger surface area. 
4.3.9 Desorption Studies : 
The adsorption of Cd(ll) is pH dependent hence its desorption is 
possible by control l ing pH Fig. 4.10 shows the desorpt ion profile by 
column operation. Cd(l l) is retained in Column at pH 6 but desorption 
starts when a solution of 0.05 M HCI is passed through the column It is 
interesting to note that desorption of Cd(ll) is rapid and maximum Cd(ll) is 
recovered within first fraction (84%), while complete recovery is observed 
in four fractions (40 ml). However, in batch process, recovery of Cd(ll) is 
slow and incomplete (86%) when desorprtion was carried out with 50 ml of 
0 05 M HCI solution 
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4.4 CONCLUSION 
i) The adsorption of Cd(ll) is spontaneous and exothermic hence 
removal is favoured at lower temperature. 
ii) The adsorption is pH dependent hence desorption of Cd(ll) is 
possible by controlling pH of the solution, 
ill) The desorption Is slow and incomplete (86%) when 0 05 M HCI is 
used as desorbing agent in a batch reactor system. However, 
recovery of Cd(ll) is maximum (99.3%) when 0.05 M HCI is used as 
desorbing agent in column process. 
iv) Maximum removal of Cd(ll) occurs at pH 6 hence preadjustment of 
pH in industrial waste water is not required. 
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Table 4.1 Thermodynamic Parameters 
Temp K^ AG° AS° AH° 
°C (KJmo|-i) (KJK-imo|-i) (KJmol"") 
20 32.3 -9.187 
30 49.0 -10.612 0.138 35 184 
40 910 -12.676 
Table 4.2 Freundlich constants at different temperatures 
Temperature Freundlich Constants 
0°C R2 K^  1/n 
20 0 9776 124.45 0.4048 
30 0.9593 223.97 0.6916 
40 0.9936 289.86 1.078 
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50 1.84 0.0284 
Table 4.4 Effect of particle size on the adsorption process. 
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Od(ll) by Teak leaves 
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Fig 4.2 Effect of contact time 
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Fig 4 9 Effect of adsorbent doses 
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Fig 4.10 Recovery of Cd (II) 
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ADSORPTION BEHAVIOUR OF SOME AROMATIC AMINES ON 
PYROLUSITE AND ACTIVATED CARBON AND RECOVERY OF 
p-NAPTHYLAMINE FROM WATER SAMPLE 
5.1 INTRODUCTION 
Detection and determination of organic compounds in surface 
waters have received considerable attention in recent years. The 
development of analytical methods has led to the discovery of certain 
compounds in water which despite their low concentration cause 
damaging effect Biological Oxygen Demand (BOD) and Chemical 
Oxygen demand (COD) were the methods used to quantify organic 
matter in water However these methods failed to quantify the organic 
compounds when present in traces Since BOD and COD methods are 
based upon the effect of organic compounds on the balance of oxygen 
in water. 
The identification and quantification of toxic organic compounds 
at very low concentration in water has led to the development of a new 
generation of analytical methods like high performance liquid 
chromatography and gas liquid chromatography. However the 
advantage of HPLC over gas chromatography is its application in direct 
analysis of high molecular weight, thermally unstable and non-volatile 
organic compounds 
High performance liquid chromatography has been used for the 
separation of polynuclear aromatic hydrocarbons in water (Hunt et al., 
1977: Organ et al. 1979) and drinking water (Thruston, 1978) and in 
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natural waters. (Jolly et al 1975: Derenbach et.al., 1978). A large 
number of organic compounds have been identified in Gallego river. 
Spam using a concentration technique with various solid supports 
(activated carbon: XAD-2 resin) followed by solvent extraction (Infante 
et.al.. 1993) Hydroxyaluminium inter-layered clay has been used for the 
separation of chlorophenols (Albans et.al., 1997). Adsorption of various 
organic compounds on granular activated carbon has been reported 
(Hazousli et al., 1996: Swamy et.al , 1997). Various low cost 
adsorbents like activated bauxite, fullers earth and synthetic clay have 
been utilized for the removal of textile dyes and pesticides from 
wastewater and compared with activated carbon (Lambert et al . 1997: 
Ram Krishna et al., 1997), The activated carbon has been the most 
widely used adsorbent for the removal of organic compounds from 
water The other substances used as adsorbents for the removal of 
organic compounds from water are peats (Coupal et.al., 1976), Iron(lll) 
sorbed Zinc silicate and Iron(lll) diethanolamine (Singh et al., 1987, 
1988). 
Aromatic amines are gaining improtance in recent years owing 
to their industrial, pharmaceutical and toxicological applications 
Several chromatographic methods have been reported for their 
identification and separation (Eaton et.al., 1988: Evans et al.. 1988: 
Dhillon et al. 1988) A considerable work has been reported from our 
laboratory for the identification and separation aromatic amines by thin 
layer chromatography (Ajmal et al . 1990, 1993). 
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The identification and determination of some aromatic amines 
at trace level by HPLC has been reported from our laboratory (Rao et 
aL, 1999) However the determination of traces of aromatic amines in 
waters and wastewater requires sample concentration in order to reach 
their determination limits by HPLC. Adsorption is one of the most 
inexpensive and simple method for the removal and recovery of 
pollutants from large volume of water samples. Pyrolusite has been 
used earlier in our laboratory as an adsorbent for the removal of Pb(ll) 
from wastewater (Ajmal et.al , 1995). In this chapter the adsorption 
properties of pyrolusite have been compared with activated carbon. The 
desorption studies can be utilized for the recovery and preconcentration 
of aromatic amines before their determination in wastewater samples 
5.2 MATERIAL AND METHODS 
5.2.1 Adsorbents : 
Activated carbon and pyrolusite (125 mesh size, a maganese 
ore from kala Handi, Orissa, India) were used as adsorbents for the 
removal of aromatic amines from aqueous solution. The adsorbents 
were sieved to desired mesh size and then washed several times with 
distilled water and finally dried in an oven at 60°C. 
5.2.2 Reagents and Samples : 
Stock solution of aromatic amines (100 |ag ml"'') viz aniline, a-
naphthylamine, p-naphthylamine and diphenylamine (AR Grade) were 
prepared in methyl alcohol All other chemicals used were of HPLC 
grade 
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5.2.3 Apparatus : 
High performance l iquid chromatograph equipped with 
Shimadzu Spectrophotometric detector model SPD 6 AV, Pump LC 6A 
and system controller SCL 6B was used. Peak area and retention time 
was calculated with Shimadzu chromatopack C-R6A data processor 
(Shimadzu Scientific Instrument Inc. Japan). 
5.2.4 Sample Analysis : 
The analysis of aromatic amines was carried on 0.6 (}> x 15 cm 
Shimpack CLC ODS (Shimadzu, Japan) column at room temperature 
using methyl alcohol and 0.1 M NaCIO^ mixture (80:2) as mobile phase 
with a flow rate of 0 5 ml min •• The effluent was monitored at 256 nm. 
The peaks were identif ied and quanti f ied as described in our earlier 
paper (Rao e ta l . . 1999) 
5.2.5 Batch Adsorption Studies : 
Batch adsorption studies were carried out by shaking 0.5 g of 
adsorbent with 50 ml aqueous solution of aromatic amine of desired 
concentration in stoppered conical flask for 24 hours. The mixture was 
then f i l tered and equil ibrium concentrat ion of aromatic amine in the 
f i l t rate was determined by HPLC by injecting a desired quantity of 
fi ltrate (5-20 laL) into the sample loop (200 |iL capacity). 
5.2.6 Adsorpt ion Models : 
To quantify the adsorption capacity of activated carbon and 
pyrolusite for the removal of aromatic amines from water the Langmuir 
and Freundlich models were used. 
207 
5.2.7 Adsorption Studies in Non-Aqueous Medium : 
Adsorption studies on both the adsorbents were also carried 
out in 100% methyl alcohol under similar condition in order to study the 
effrect of solubility of aromatic amines. (3-naphthylamine was chosen for 
this study. 
5.2.8 Competitive Adsorption : 
In order to study the effect of other aromatic amines on the 
adsorption of p naphthylamine, a mixture of p naphthylamine and 
diphenylamine was added and the adsorption behaviour was studied. 
P-Naphthylamine and diphenylamine were chosen because they can be 
separated and determined by HPLC method developed in our 
laboratory (Rao et al., 1999), 
5.2.9 Desorption Studies : 
Desorption studies were carried out by batch as well as column 
operations. In batch process 50 ml solution containing a mixture of p 
NAM and DPAM was treated with 1 g adsorbent and after 24 hours it 
was filtered. The unadsorbed amines in the filtrate were determined by 
HPLC. The adsorbent was washed several times with distilled water It 
was then transferred in another conical flask and treated with 20 ml 
solvent. The amount of aromatic amines desorbed was then determined 
again by HPLC 
In column operation, 0.5 g of the adsorbent was taken in a 
glass column (0 6 cm in diameter), washed several times with distilled 
water and then a desired quantity of amine was passed over the 
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adsorbent The adsorbed amines were then eluted with an appropriate 
eluent with a flow rate of 0.5 ml mm'''. The effluent was collected in 10 
ml fractions The volume of effluent was reduced to 1 mi by 
evaporating it over a water bath 20 \xL of this sample was then 
injected m sample loop of HPLC for the determination of aromatic 
amine 
5.3 RESULTS AND DISCUSSION 
The adsorption of various aromatic amines on activated carbon 
and pyrolusite are shown in Table 5.1. a-Naphthylamine, p-naphthylamine 
and diphenylamines are strongly adsorbed on activated carbon but the 
adsorption of aniline is least (15%), 
The adsorption of p-naphthylamine and diphenylamme is 
maximum (95 and 100%) on pyrolusite while adsorption o^ aniline is 
negligible 
The effect of various initial concentration of a and p naphthylamine 
on both the adsorbents are summarized in Table 5.2 and 5.3. 
Adsorption of a-Naphthylamine on activated carbon remains 
high and vary only from 100 to 95% when initial concentration is 
increased from 10 (.ig mL'' to 50 i^ g mL"'', while adsorption on 
pyrolusite increases rapidly and reaches from 40% to 92%o for the same 
variation in the initial concentration of a naphthylamine showing the 
increased efficiency of pyrolusite with increasing initial concentration 
The adsorption of 3 naphthylamine on activated carbon is found 
to be very high (100%) as compared to a napthylamine over a wide 
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range of initial concentration (4 |ig mL"'' to 100 |jg mL"'') and after that 
% adsorption decreases slightly (99% to 96%), when initial 
concentration is further increased from 150 |ig mL"'' to 400 |ag mL'Mhe 
adsorption behaviour of p naphthylamine on pyrolusite is different as 
compared to activated carbon. The % adsorption increases initially 
from 70% to 95% when initial concentration of p naphthylamine is 
increased from 4 [xg mL^ to 20 jig mL"'' but after that % adsorption 
decreases and reaches to (76%), when initial concentration is 
increased to 200 lag mL'' . 
The high adsorption of a and p naphthylamine on activated 
carbon and pyrolusite may be due to their limited solubilities in water 
Aniline comparatively more soluble than napthylamines shows least 
adsorption (Rai et.al., 1988; Giusti et.al., 1974), Since p NAM is 
sparingly soluble in water, one may expect its precipitation in aqueous 
medium. However the adsorption was not affected and remained high 
(97%) when both the adsorbents were treated separately with alcoholic 
solution of p NAM (Table 5.3), 
The effect of various doses of activated carbon on the 
adsorption of p naphthylamine is shown in Fig. 5,1. The % adsorption 
increases from 96.5 to 99.5% when adsorbent dose is increased from 
0.2g to I.Og with an initial concentration of 400 |ig mL"'' . However the 
adsorption behaviour of p naphthylamine on pyrolusite is more 
pronounced when adsorbent dose is increased from 0.2g to 3.0g with 
an initial concentration of 100 \.ig mL'"* . The effect of adsorbent doses 
on adsorption density (^g mL'''g''') and % adsorption on both the 
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adsorbents is shown in Fig 5.1 and 52 The adsorption density 
decreases when doses of activated carbon is increased and reaches 
to a value of 398 (ag mL'^g"^ while % adsorption increases and 
reaches to a maximum value of 99.5% at 1 g dose of activated carbon. 
A similar behaviour was observed on pyrolusite. The adsorption density 
decreases when adsorbent dose is increased and reaches to a value 
of 31.3 lag mr''g''' while % adsorption increases and reaches to a 
maximum value of (94%) when pyrolusite dose is increased to 3g 
The decrease in adsorption density with increase in adsorbent 
dose on both the adsorbents indicates that some of the adsorption 
sites remains unsaturated when adsorbent dose is increased. However 
the adsorption density on activated carbon decreases from 100% to 
79%, while on pyrolusite it decreases from 100% to 78% for the same 
quantity of adsorbent dose (1 gm). 
5.3.1 Competitive Adsorption : 
The adsorption behavior of p NAM on activated carbon and 
pyrolusite was studied in presence of other aromatic amines. Table 5 4 
shows that adsorption of (3 NAM on both adsorbents remains unaffected 
in presence of DPAM over a wide range of initial concentrations (20 to 
60 ^g mL-^). 
5.3.2 Adsorption Isotherms : 
The adsorption data has been analysed in the light of Langmuir 
and Freundlich adsorption models. The Langmuir equation may be 
described as 
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1 1 1 1 
x/m e'.b Ce 6" 
where x = amount of adsorbate (nQs) 
m = amount of adsorbent (gms) 
x/m IS adsobate uptaie per unit weight of adsorbent, C^ is the 
equilibrium concentration ().ig mL"^) e° and b are Langmuir constant 
relating to adsorption capacity and adsorption energy respectively 
The Freundlich equation may be described as 
X 1 
log — = log Kf + — log C^ 
m n 
where C^ is the equilibrium concentration (^g mL'''). X/m is the amount 
adsorbed per unit weight of adsorbent. Kf and n are Freundlich 
constants The Isotherms are shown in Fig. 5.3 & 5.4 and 5.5 & 5 6. 
The adsorption of (3 NAM on activated carbon follows Langmuir and 
Freundlich equations but Freundlich equation is better obeyed by 
pyrolusite than Langmuir equation as it is evident from the values of 
regressions coefficients shown in Table 5.6. The Freundlich type 
behavior indicates the heterogeneous types of adsorption sites on 
pyrolusite. Further the values of Freundlich constant K^  which is 
indicative of adsorption capacity, is much higher on activated carbon 
as compared to pyrolusite indicating that p NAM is strongly adsorbed 
on activated carbon The values of x/m for any given equilibrium 
concentration Ce /s also higher on activated showing that p NAM is 
strongly adsorbed on activated as compared to pyrolusite. 
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5.3.3 Desorpt ion Studies : 
The desorption of (3 NAM and DPAM (batch process) using 
different solvent is summarized in Table 5.5. It is evident from the table 
that the recovery of p NAM and DPAM from activated carbon is very 
poor when methyl alcohol and dilute NaOH are used as solvent. 
However, desorpt ion is slightly increased when non-polar solvent (n 
hexane) is used. This behaviour shows that aromatic amines are very 
strongly adsorbed on activated carbon (as it is evident from other 
adsorption data) and difficult to desorb. Hence activated carbon can be 
used only for the removal of p NAM and DPAM from wastewater. 
However, when pyrolusite is used as adsorbent under similar 
condit ions the recovery of amines is much larger. This may be due to 
the fact that adsorption of aromatic amines on pyrolusite is not very 
strong as compared to activated carbon. This property of pyrolusite can 
be uti l ized advantageously for the recovery of aromatic amines using 
proper solvent. The desorption trend of p NAM on pyrolusite by column 
operation is shown in Fig. 5.7. Excellent results are obtained when a 
mixture of n-hexane and Isopropanol (99+1) is used as eluent. The 
recovery of p NAM is found to be 82.5%. It is also interesting to note 
that desorption is fast and maximum recovery is achieved (45%) within 
first fraction of the eluent Pyrolusite, therefore, can be util ized for the 
preconcentrat ion and recovery of traces of aromatic amines from 
wastewater 
5.4 C O N C L U S I O N 
Pyrolusite shows remarkable sorption capacity for DPAM and p 
NAM as compared to aniline; (the adsorption foUowed the order 
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Activated Carbon ; - DPAM = p NAM > a NAM > Aniline 
Pyrolusite DPAM = I', NAM > a NAM > Aniline) 
The maximum adsorption of (3 NAM occurred in the concentration range 
4-20 (.ig mL^ ^ on pyrolusite (95%) and 4-50 |.ig mL"'' on activated carbon 
(100%) The effect of various doses of activated carbon^ on the 
adsorption of p NAM confirm Langmuir and Freundlich isotherms 
whereas Freundlich isotherm is obeyed by pyrolusite. The adsorption of 
P NAM on both the adsorbents is not affected in presence of DPAM 
over a v^ i^de range of their initial concentrations (20-60 (agmL''). The 
desorption studies of p NAM on pyrolusite was carried out by batch as 
well as column processes. Excellent results were obtained when a 
mixture of n-hexane and isopropanol (91:1) was used as eluent. 
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Table 5.4. Adsorption of (3 NAM in presence of DPAM on 
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CONCLUSION AND FUTURE PERSPECTIVES 
The use of the economical ly viable adsorbents such as teak 
leaves, fruit peel of orange and pyrolusite for the treatment of industrial 
waste may be of interest to small and medium industr ies. Initial 
conslrucl iof i and operat ional costs of convent ional wostowater 
treatment plants are the most signif icant factors in the select ion of 
process technology. The cost to small and medium size industries for 
achieving the same level of wastewater treatment as large industries 
using standard technology is disproportionately high. 
The above materials have been found good adsorbent for the 
removal of heavy metals and organic compounds from synthetic and 
industrial wastewater. In present study our main thrust area was to 
explore the adsorption properties of various low cost adsorbents. The 
second task was to study the extent of removal and recovery of heavy 
metals from electroplat ing wastewater on laboratory scale. Now our 
next step is to apply these finding on industrial wastewater at large scale. 
In the noxi stage, the electroplating wastewater samples will be 
collected from various units and they will be analysed in detai ls. The 
total volume of wastewater discharge per day from these units will be 
found out and then the total amount of adsorbent required will be 
calculated. The work will also be extended for the recovery of these 
metal ions so that they can be reuti l ized in the electroplat ing plants, 
since these inexpensive iriaterials are available abundantly in Aligarh 
and a large number of small and medium class electroplat ing plants 
are operating in this town. 
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